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LA;\iAfjL'K incums<'ri[>ts ai'e exeeodiiigly rare. For until 
tbe Iasi ^eoro years 'Laiuarek was ranked as a discredited 
aulhnr, nii<\ !iis writings wei'o thrown aside. Even the 
aiitogrrj|)li (*o!!(‘rtorj to whose nets almost everything is a 
flshj lias liardiy taken the pains to- preserve his -bare 
signature. Thc^ Harvard manuscript accordingly, is an 
importaut dofinnont espci'ially in these days of I-je- 
iiiarokian rouvah It is holographic, antedatiiig, there- 
for(\ 1^1 S iJie years Avlien Lainarek/s ej^esight was 
lost, it forms together a series of essays, and' drafts, of 
later wmic, all in ai! about ninety leaves, of AA%ich fifty 
have writing on buth sid<^s. Tliey are brought togxdher 
in a volume with marbled sides and inoroceo hack with 
tin* h^mmd, ^mMainiserits de LaniarckAt the Ihnding 
dating 40, As a frontispiece there is inserted the 
Langhiine lithograph of Alexis XoePs portrait of La- 
inarek flsiO). Following this is a tal>le of contents, 
prcdiably in tlir* hand of the early owner of the nianii- 
seript. It reads; 

Ma!ii!S(a’il:s j <!e j J. B. P. A, cle Lfiaiarek j Membre tie Fiostitiit de 
fVaiire, i-b'ofVssear-adiiii- ^ nistratenr dii Maseimi d'liistoire naliuvlle, eet. 
eonl'oriaiitj. 


!'■ Bysieaie de Cbiil. 20 fuillets 

2" TclA ft liirighiatioii 10 “ 


9 Aia^ereu aiiulyri<|iif cle eoiinalssimffs liumaiaes. 11 
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Jonii Baptiste, Biifrre-Antoine ^li>net «!e Lanjar**t. 


14:6 TUB AMBBICAN' NATUEALIST [Yol.XULI 

4 ^ Questions Zoologiques 

5 ° Histoire naturelle 

6® Planclies preparees pour les figures des genres 
qiii feront partie de la 2® edition des aniinanx 

' sans veiiebres. . — .............. H* luilhds 

...... Inillets 

From this it will be noted tliat tlie iiapers \V(‘rc rollecfed 
before 1835 , the year of the aiipearanee of the second edi- 


tion of the “Aiiimaux sans Vertebres,” foi' it is stated 
that the drawings mil form part of the second edition, 
not that they did form part of it. 

This manuscript was presented to Hai‘\'ard l'ni\'ersit\' 
in 1896 bj=" Professor Alexander Agassiz, who apj)ears to 
have discovered it in Paris. Its earlier provenance is 
unknown. My attention was called to it by my friend, 
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Dr. C. E. Eastman, wlio was generously instruuienta! in 
placing it in my hands. To him, therefore, and to Ih'O- 
fes so r Samuel Henshaw, curator of the Museum of (.•ouo 
parative Zoology, my thanks are due for the pi'ivihgf* of 
examining it. 

In further detail, and in the matter of its xaihlished or 
unpublished parts ; 

The Systeme de Gall is largely medical : it deals wilh 
the brain, its anatomy, comparative anatomy, physiology, 
pathology— the last in some detail as in idiocy, eretanism, 
suicidal mania, hereditary insanity. 1 cannot tind that 
it has been published. 

The second essay. Idee et Imagination) has certainly 
been loublished. It bears the note in Lamarck’s hand, 
“Articles da, diction,” and is signed by compositors. Dr. 
Eastman suggests that it occurs in Nona. Did. Hist. Nat. 
of Deterville, 1818, a work I have not been abb; to con- 
sult. The writing indicates an earlier dat(> than the 
remaining leaves. 

The third portion, Appenyv (Dadi/liqnc des i-oniiais- 
sances luimaines, arec des dirisiuns el des reflexion.,! ten- 
dant a montrer leur degre de Crriitude, huir.s Soiirevs, 
lears Branches priiicipale.s, is probably the outline of bis 
extended work (362 pp.) on the same subject publisbcd 
in 1820: it is entirely in his own hand ami ]ir(jiiab!y 
not later than 1818 (the year in which his eyes failed 
him). 

Of the fourth manuscript, Question,'* Zoologifjne.*, the 
first section is .substantially as follows: 

“Zoological questions whose solution is of first im|)ort.aiice. 

“First Question . — Animals and plants being living boilies icuriisj, 
do these two Iviud-s of organisms become confused (sc i-ouFoihIciii ) ar 
a common poiiit of the series which they form; or dues tlicn (-xisl 
some exchisive and trenchant character, which dislinguishcs stiarpiy ;i!u 
first from the second? 

“ Eecoiul QuostioH . — Can one show by the eilalion of dcci.-jvc I'acts, 
that all animals known are endowed with sensation:’ or that iluu'c ari! 
only certain of them which are endowed with this fooilty? 

'Laniai-ck uses the word •‘‘Bentimeiit,.'’ h’roni sovern! coiitcxis. himcvi-r, 
one coiiclailca that more than “sensation” is intended, junl itmi ••cini- 
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''Third Question , — Can one prove by facts equally decisive tliat all 
iunuirds k{ir)wii ])Ossess the faculty of having ideas and of deteiiiiini ng 
1,1 !i Mil by premeditation, — a premeditation which is formed voluntarily 
and yAuvU pcuMiiiis the actions to be varied; or are there only certain 
aniiaals which enjoy this faculty? 

Fuurll Qf-icstion.—ls there some faculty in animals whieli is not 
i\ pluMiomenon oC organizatioii and which is independent of all sys- 
icuis ut <n‘gans wliatever; or does not every faculty which is not eoriimon 
aii oiMinals d<?|)end for its origin upon a partieular system of organs, 

■“ Finh QurrFton . — Do all animals known possess the totality of the 
parn<-uiar syshMiis of organs which make up the very coinplicated 
orgmiizm i(M} ot tiie most perfect aniinals; or, however essential are 
syslems of! organs to the life in the aninials which possess them, 
can no!, life in oilier animals exist without them? 

''Sixth Question . — Is there known a single organ wliieli is essen- 
tial to animal lil'e (in general) whatever be its function in the par- 
tienhu* m-ganisni of which it forms a part; or must we not assume that 
life, wimther of plant or of animal, needs no particular organ whatever, 
to enable it to exist in certain oiganisms. 

'FSerodh Question . — Cannot sensation (sentiment) and irritahility 
be regarded as one and the same organic phenomenon and can it 
5 sot be lOMjved by fads that every ymrlion of an animal which is en- 
dowed wiiii irritahility is also endowed with sensation; or is not irriia- 
hility with which all animals are endowed, whether in all their parts 
or iti certain of tliem only, an independent ])henomenon and distinct 
IVoju tin* srnsaiion enjoyed by many animals? 

^Muffhih Quest ion , it be established clearly that the facts of 
movemeni In tiie ease of so-called sensitive plants demonstrate in these 
phmis either sensation.' or irritahilily; or tliat these facts have tio 7‘e- 
latiou.sliip whatever with thosc^ which demonstrate in animals on the 
one hmnl !^rns(dion and on the other irritahility? 

Ninth Question ,- — The nerves alone are tlie organs of sensation since 

H*'ioasa*‘ss ‘ ’ tjjighl often he the better rendering. Tims in the eighth cjues- 
tion referring to simsitive ]>iants he distinguishes sharply sentiment ^ ^ from 
irritahjlite. ■ ^ The latter gives the idea of luicoiiscums reflex to stimuius, 
arid the fnrmer then becomes antithetic, h c., conscious. The literal text 
in this (|iiesljon re.ads on etablir dhine mariiere evJdeiite, qiie les 

fa its do niouv'unent relative aux plant es dittos seiisitives^ coustateut dans 
COM }da.nt(‘s suit le sentiment, soit IHryiiabilite ; ou qiie ces faits n’ont aucim 
ra |>f >ori twor coax qni attestemt les uns le sentiment, les autros VirrltahiliU 
fics junnianx?'’ Again, contrasting questions second and third, it is clear 
tliat 'sentiment^’ in the second question is distinguished from a higher 
form of consciousness, which is equivalent to reason (or intelligence). Tn 
gf'TuuMil ^Ye assume that the phrase avoir le sentiment'' implies con- 
sidousiiess. 
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tbe faculty of sensation is lost in a part (of an aninial) in whici! tlie 
nerves supplying* it have been destroyed; now the (]uesnon is wlit:iiher 
every nerve produces a sensation when it is affected, and wiietlier the 
nerves which bring the m in action as well as those which fni’iiish 
the forces of action to the organs produce sensation, like (lie iv.A; or 
whether there are not particular and special nerves for llie |>rof]uction 
of sensation, while the others function some for mmcnlar exeiialhrn^ 
the others only for putting different organs in a condition to execute 
their functions? 

Tenths Qiisstion,--—!^ some constant and peculiar sign whieh 

will make us understand that a being differing from ourselves ex- 
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Lamarck’s Pfii-drawinf^s of Ik{i<'i^'.iorganisnivS (MS. |,h I l.“ 


pericnces a sensation 'when it is sliniulated {ajjevfc), and <*0!; t.-ij,' 
always accept as a lest the siuiilar inovcnnent whicli il iIhm;. < 
or, liowever in general an aiixmal gives no ofher sign of a i<e: 

produced than by the movements of h.s }>art.s^ can uui n-Miontrnis 
often deceive us and be due only to the IrrlhihRih^ exa-itedi in iho |»ari*- 
of the animal f 

(I know no certain sign of a sensation ]nYHluce<l save a cry/ 
by pain: hnt all animals are mh able to give smdj a si^rn and iiimo* 
whieh have tlie pow’er do not always use it/) 
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« Sijpplf/m'f;nta.l Question ; 

Question . — -If eaeli particular system of organs gives rise 
to a partiiujlar faculty, can this faculty be found again in an animal 
ill Mliieh ilie system of organs which produces it no longer exists; or 
can. imt this same faculty be regarded as destroyed when the system 
vd! <)i‘g’aiis wiiich, has given rise to it ceased to exist? 

lliese (jiiestions date' from the period 1810-18, with 
tlio prohability that they belong nearer the later than the 
eariiio* date, for in his Philo sophie Zoologiqiie^^ (1809) 



• d' % fe 


c/ ^ I>1 10 . 


f- s. 


Ly 




p's 


cr- 










Q 


3. 




Ai yp 


“f J 



.|..amarck\s 'I’en-dra. wings of Mieroorg;iiiisnis (,'MS. p, 147).. 


Ills \v(‘re l.iy no meiiiis as advanced. He tlieu spoke 

of the essential ilitToi'ences wliioli distingTiisli plants and 
aniiiials, and did not (jueiy their oominon origin, and did 
not seek a treneliant character wliieh vrould serve to dis- 
ling'uisli them. Moreover, he did not tlien ((uery the 
possible kinship of sensation and irritability in sensitive 
plants and in animals, for at tliat time ho had seen no 
rcaisctn to deny the elastic-fluid explanation for the sensi- 
tive movements of plants. Altog’ether these ({uestions 
art' (»f cousidei'ahle interest in the study of the develop- 
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ment of Lamarck ’s views. Tliey hatl, iiowan’cr, liardly 
reached the level of his Introduction to the .second edition, 
of his “Animaux sans Vertebres” (1835). But we can 
I'egard them as sure steps in that direction, for siujilar 
ideas are here and there found in tlie Litroduc-tion. 


Indeed the second part of these Questions Zoologicjne.^, 
MS. pp. 117-130, undoubtedly served as a first draft of 
this. Thus the present p. 117 is equivalent to p. 17 of the 
Introduction, and one can identify nearly all of the 
remaining leaves. 

The fifth portion is headed ^Mlistoire naturelle,” and 
deals with its scope. It appears to have been a draft of 
a portion of the second edition of the “Animaux sans Ver- 



tebres,” for it is captioned “Chap. 4. Connai$saiici‘ fles 
Corps organises vivans que shjhseruent a la surface de 
noire globe ef dans les emix liqnides,” but the.'sc lines 
have been crossed out. The same ideas occur in tlie pul)- 
lished work but in different form, so it is ptM'liaj)s rin- 
necessaiy to append here the entii'e section. 'Flic last 
page will give an idea of its tenor: 


A Coior-drawiftg &£ n Bolothmian. 
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‘ ‘ Living bodies and inorganic bodies are the materials 
of natural history. They compose together the mass of 
the terrestrial globe, but they occur in very different 
proportions, for the first form a portion exceedingly 
small, vdiile the second constitute almost the totality. 

“Vet the bodies which are possessed of life are innu- 
merable in the diversity of their species, and those, on the 
otiu‘ 1 - liand, which lack it, exhibit in proportion only a 
small number. Indeed, we know hardly more than six 
or s(‘V(*n humlred species of minerals, while the number of 
species of living bodies can not be estimated as less than 

inn, 000.- 

These considerations are not lacking in interest, pro- 
voking our reflections, and each one of them presents us 
a fact,' an item of knowledge with which we have to reckon. 
In a woi'd tliese singular bodies which possess life, which 
are so diversified, are yet the constituents of but a very 
small portion of the globe which man inhabits.” 

The final pages of the manuscript contain the following 
drawings: 

Plate T, monads, volvoee, enchelide, protee, vibrion, 
gone, cyclida. 

Plate 11, iniramece, kolpode, Bursaire, tricode [leuco- 
phre], Kerone, cercaire, fui'cocerque. 

P)att‘ JIT, Patule, trieoeerque, vaginieole, folliculina, 
Brachion, fureulaire. 

Plate INh nrceolairc, vorticelle, tubiculaire. 

The 1 -emaining pages include the “animal of lepas 
bainnus,” with parts named, “millipora gelatinosa,” a 
color sketch, a. number of Jelly fishe.s, including “dianee 
triedre,” “otythie verte,” “orthie hexaneme,” “dianee 
]!roboscidale,” “dianee dineme”; a number of nudi- 
branehs, pteropods, and a beautifully colored drawing of 
a living holothurian. 

* A j,(en<*rouH estimate for that period— a number now sevtu-al times ex- 
k^eeded within 'the luseeta. ■ 



SYMBIOSIS IN FERN PROTHALLIY 



PROPESSOE DOUGLAS IlOUGHTOX CAMPBELL 
Stanpoed University 

The symbiotic associations so frequently met with in 
plants qii’esent one of tlie most interesting ]:)lie!iomeiia 
witli ■wliieii tlie biologist has to deal. While tliese asso- 
ciations are often not easily distinguishable from true 
parasitism, in many instances there is a genuine symbi- 
otic relation and, although there may be a certain degree 
of parasitism, there is no question that these associations 
are for the most part beneficial to both of tlie forms con- 
cerned. Indeed, the Amry existence of one or botii of the 
symbionts may depend upon it. 

In most cases of sjunbiosis, one of the symbionts is a 
fungus, but tliis is not always so. (Tutain of the Scliizo- 
phyeeai or blue green alg;e are vciy (-ommoiily associuti'il 
with higher plants in what appear.s to be a syinbiotii; re- 
lation, although the nature of the assodation in this case 
is still very obscure. The Anthocerotae<-a‘ and seviual 
of the liverw'orts, like Blasia, always liave witiiin their 
tissues colonies of a Nostoc, and the little watiu* fern 
Azolla invariably harbors in each leaf a colony of tin' 
Nostoe-like Azollcc. No.stoc has been fowni to 

occur in the roots of Gijcns reroluta and Oiinnei-a aniuiig 
the seed plants, and the Sehizophyeea' also frequently 
constitute the “gonidia” of many lichens. The assoeia - 
tion of the nitrogen-fixing bacteria with the root noflules 
of the Leguminosa? is also a well-known case of syittbiosis. 
Of the true algse there are a number of speeies reei,rde<l, 
c. If., Chlorochyfrhm Lemnu', which live within the lis. 
sues of higher plants, but it is doubtful wlnqlier the host 
is in any way affected by the pi'esence of the alga, wliieh 
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presumably secures lodging, but not board, from its 
host. 

ddie symbiotic association of fungi with green plants 
was first demonstrated in the lichens, but it is now known 
that many of the higher plants are regularly assoeiated 
with fungi in wliat is undoubtedly a symbiotic relation. 
Tli(‘ best known cases of these are the mycox’hizal fungi 
connected with, tlie roots of many trees, es] 3 eeially the 
( hil)u!ifera“, and tliose which occur in the tissues of sapro- 
phytes grfuving in humus. These humus saprophytes 
are especially numerous among the Orchidaeeae, e. g., 
Neottia, Corallorhiza, Cephalanthera, etc., and in certain 
forms of tlie Erieales. The well-known Indian pipe, 
Moiioiropa imifora, and the snow plant of the Sierra 
Nevada, Sarcodes mngidnea, are well known examples 
of these .sajiropliytic Erieales. Many Orehidacese and 
Eri<‘acea‘ which possess chlorophyll are also to a greater 
or le.ss extent saprophytic, and show a well-developed 
mycorliiza. In the ease of chlorophyll ess plants, there 
can 1)0 little iloubt that the fungus enables them in some 
way to utilize cai’bonaceous compounds from humus. In 
the CUM' of plants such as the trees referred to, where 
there is ample chioi-o])hyll tissue, it is more likely that 
the role of the rnycorhiza is rather to sirpply nitrogen 
than carbon, and it is highly piobable that in the case 
of ohloi-ophylless saprophytes as well, the fungns pro- 
vider nil logon. This has recently been demonstrated 
for the rnycorhiza found in the roots of various Ericaceic, 
c. //., Species of Kriea, \biccinium, (lalluna and Oxyeoccus’ 
In all of the>e it was shown that the fungus concerned, 
whicli seemwl to he a s]xecies of Phoma, was able to as- 
similate free nitrogen in much the same wray as is done 
by such nitrogen bacteria as xV-Zotobacter. 

A, very l•omplete study of the endophytic fungi of roots 
lia.s been made by Janse.- He examined a very large 

‘ Ur. 1 liarhitte IVriietz. frber «lie Assirailation des ahiiospliariselieu 
«huTh Piize. Frhigsheim'H Jahrhileher, XL1\U 19i)7. 

-Len Eiida|tliyies Kiidkaux de qaelqiies Plantes Javanaisas. Ann, du 
JuTiUu Boifiuigui: de MuilenzoTQf XIV, 54—201, 1895. ■ 
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number of plants, mostly plianerogams. but aisn a num- 
ber of liver«mrts and pteridopbytes. TIis rescan -lies 
slioAved the presence of an endo^jliytic iiiycorbiza in a 
surprisingly large number of plants belonging to the most 
diverse families, from Zoopsis, one of tlie llf‘))atic:(‘, to 
Vernonia, a genus of Oompositas. 

The study of the myeorhizal fungi of tlie seed ])lniits 
has called attention to the presence of similar fungi in 
the pteridophytes. The occurrence of a mycoihiza in the 
I'oots of the Ophioglossaeeavwas first shoAvn by Rnssow.® 
In 1884 Treub described a similar fungus from the game- 
tophyte of Lycopodium. In his Amiy important paper 
on the prothallia of Lycopodium ■* he pointed out the 
universal occurrence of this fungus in L. cernimm, and 
in later papers he showed that this also occurred in L. 
jiMegmaria, as well as in some other species, but it was 
apparently absent from the g’reen prothallinm of L. ftala- 
Jcense. In 1895 I called attention to the presence of a 
similar endophytic fungus in the subtei'ranean protliai- 
lium of Botrychium vArgimanum. 

The past decade has been nota])ie for tlic numerous 
important investigations ui^on the gamctophytes of the 
Ophiog'lossaeeas and the Lycopodiaeca* and <jur Imowl- 
edge of these is noAv quite complete, thanks to the labors 
of Bruehmann, Lang and Jeffrey. It is clear tliat in all 
pi’othallia of the subterranean, and henc(' purely sapro- 
phytic type, an endophytic fungus is invariably present. 
It has also been shown that a similar form occui-s in the 
green prothallium of some species, at least, of Lyeope 
dium; but so far as I am aAvare its occurrence in the grce!i 
prothallium of ferns has not hitherto b(;cn recm-ded. 

Some time ago, having occasion to look over slides ,,j' 
the prothallinm and embryo of Osmitvrla riinianinnHU’, ii 
was noted that many of the prothallia eoniained an eudo 
phytic fungus very similar to tliat found in Botrychium 

* TergleielieiKle Uutersaetogen LcdthriBdelkryptttifBjiif'iL Man, 
VAlmd, Imp. des Be, de Ih^tersbotmj, 1S72, XJX, 107"”riS. 

^Etudes nm hm Lycopodmcees, Jm?, du Jurdin tie liHif.ai' 

mrg, 1% 1884. 
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aii<l Ojdjioslossnm. 111 is suggested the possibility of its 
oecuiTeiK'is in otiier green prothallia, and the forms which 
seemed to ])rnrnise best were the Marattiaceae, which in 
many ways seem to be lire nearest relatives of the Ophio- 
glossaeeie, in whose subterranean prothallia the endophyte 
regularly oeenr.s. 1 therefore made an effort to obtain 
prothallia of tiie 'll arattiaeeai while collecting in Ceylon 
and .ia\'a, and procured ]n-othallia of Angiopteris evecta 
IlolTni, I\ anJfiissiti rr.^-nilifolia BL, and Marattia sambii- 
ciiia Bl. Tlie. Iwo former were carefully studied, and as 
was ox[)eetefi, tiie endophyte was found in nearly every 
ease. The prothallia of Marattia sambiicina were not 
examined, but the examination of a series of sections of 
M. Donglasii Baker, made some years ago, showed that 
in this species the endophyte was also present and pre- 
sumably it occurs also in other species of Marattia, 

The other family of ferns in which it was thought the 
endophyte might occur wms the Gleicheniaceag, a small 
family, mostlx' troyiical and of wide distribution. The 
Gleicheniaceic ai-e considered to be related to the Os- 
mundacea‘ and it was thought that they also might show 
the ]»resence of the endophyte. The prothallia have rarely 
heen colk'cted, Imt are not difficult to find if one looks 
for iheiii cai'<‘fully. Maierlal of four species was secured, 
one iMung' collected near Cape Town, the others in Ceylon 
and Java. In all cases the endophytic fungus was found 
in the ohler ])i‘othallia. 

'I’he.se inve.stigarmns show conclusively that an endo- 
! ]hyti<' fungus i.s normally present in the green prothallia 
■ t>f .sovei'al Marattiaccjc, Dsmnndaceje and Gleicheniacese, 
and it is highly yrrohahle that further research will show 
; similar Biagal endophytes occurring in the prothallia of 
nianv other ferms. 

I 

I Tuk Stucctl-ke the Exdophyte 

Since the discovery of the endophytic fungus in the 
gametophyt(‘ of Botrychium, it has been found constantly 
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in all the investigated species of Ophioglossaceae, and it 
is safe to assume that it is invariably present and is 
essential to the growth of the gametophyte. 

The writer has recently had occasion to, study the be- 
havior of this endophyte in the gametophyte of several 
species of Ophioglossum and- has described and figured 
this somewhat at length.® The fungus consists of non- 
septate, large, branched hyphae, which are strictly intra- 
cellular, passing from cell to cell through the cell walls, 
and they may often be traced for long distances. In all 
of the forms that have been investigated the fungus is 
confined to the older parts of the gametophyte, and never 
invades the meristematic tissues nor the tissues in the 
neighborhood of the young reproductive organs. There 
is in the cylindrical branches of the gametophyte of Ophi- 
oglossum a more or less definite infected zone inside the 
superficial tissues, while the central region remains al- 
most entirely free from the endophyte. Sometimes frag- 
ments of mycelium are found upon the outside of the 
gametophyte, and these may occasioTially be found to 
penetrate into the rhizoids and thus gain entramo to the 
inner tissues. The infection, however, probably in all 
cases takes place first while the gametophyte is .still 
composed of very few cells. This was positively demon- 
strated in the gemiinating spores of 0. penchdum, where 
only those young prothallia 'which succeeded in estalfiish- 
ing a connection with the fungus developed beyond a 
three or four-celled stage. Otherwise they died after 
the nutrient matter in the spore was exhausted. Second- 
ary infections, however, doubtless take |)la<K* fre<:jucnl:>'. 
The form of the fungus growing outside of the in-orhai- 
lium is quite different from that within its tis.^w's. The 
hyphae in the foi'mer case are more .slender and soim*- 
times septa may be formed, while these seem to be quite 
absent froTU the endophytic hypha'. 

In materia] fixed with chromic acid, the stnieture of 

■"'Campbell. Studies on the Opbiogiossacoa'. Ahh. Hit .Ittnlin 
He Bvitemoro, XXVI, 1907. 
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the is well shown. The walls, which in the ordi- 

nary hyplne are moderately thick, stain well with gentian 
violel:, wliile in the finer gTanular cytoplasm there are 
ni(ir(! or less luimerons small bodies which stain .strongly 
witli safranin and are with little question nuclei. Some 
of the cells of th(! host confain unmodified hyphte, which 
may he s(» numerous as to fill the cell cavity with a dense 
coil of filaments. Tn other cells the hypha; form masses 
of irregular swollen vesicles with much more delicate 


walls than the ordi- 
nary hyplia', and 
sometiuK'S quite fill- 
ing the cell. Besides 
the irregular vesicu- 
lar swellings of the 
iiyplue described 
abo\'e, there may 
occur large oval oi‘ 
round structures 
( Fig. 1 f which re- 
.'^cmhle jlie young' 
oogonia of I’ylhium 
or .\lhugo. These 
may iias'c a diameter 
of nearly .iO /t. but 
are usually smaller. 
The nuclei in these 



1. Cell frctm Uio. garaotoi»hyto of 
Olthionjlmumu pemlulum. slmwirig' the layceliuni 
of Uie endophyte, and a yorni;;' conidiiun (Vi ; st, 
laassi^s of dislntegrai iiyt? stareh .tyrannies: F,, 
hn'):?e eonidiiirn ( ‘f) of tlie sann* ; V, I’uily de- 
veloped eoiiiiHuru tVi, <«ihowin.ci' ilie numerous 
enlart^ed miehd ; all / 


hodie.-' are more numerous than in the vegetative iiypha*, 
and finally may be very eonspieuous (Fig. 1, ('). 
This multijilieation of the jinelei resembles the [)re- 
limiiiaries of zoo, spore formation in the sporangia of 
Saprolegnia tiv Pythium, and oeca.sionally there were 
setm free in the host cells small bodies that looked as if 


they might have been discharged from these large oogo- 
nium-like bodies. The latter are probably ideidh-al" with 


‘'JclVri’y. 'rite Onmetophyte ‘of Roinjchium Virn'mianam. I'm'.. Catnid. 
Imliiitlr. V, 1S9S. 
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the ‘•eoiiidia” described by Jeffrey in Botryeliium, init 
do not show the thick walls of these eonidia. Like tliese 
conidia of Botryehium they are not, nsualiy at least, 
separated from the filament by a septnni. The yotinj^ 
cells of the gametophyte contain stareh in the form of 
rather small .and very distinct grannies. As tlie endo- 
phyte invades these cells, the starch granules soon show 
evidences of disintegration, swelling iip and losing their 
sharp contour and finally becoming aggregated in irregu- 
lar masses of considerable size (Fig. 1, A, st). These 
finally are more or less completely digested by the 
fungus, but the nucleus of the host cell is in no way 
atfected, and even where the cell is completely filled with 
the crowded hyphse, the nucleus remains quite normal 
in appearance. 

The endophyte of Botrychmm virginianum (Fig. 2) 
closely resembles that of Ophioglossum, but is somewhat 
smaller in all its parts and occupies the whole central 
region of the massive gametophyte. The two sorts of 




Fig. *2. A, two cells from the gametophyte of Bofruvlnum inrifiiUHHUiR 
Bliowlng tbe two forms of tlie eEdoi>byte..;' 'B,.' a .*'* digestive ’’ ceil, showing the 
degenerating varicose mycellnm of ' the ■endop.hyte;.. the nudeos of tin* ljh»si 
cell; G,, cell containing a conidiiim,. con-; D, fragment of one of the Itjrgost 
hjpliffi ; young conidtiim. All .figures .x: MO. 
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cells, i. e., those with the filamentous hyphas (Fig. 2, A, 
x) and those containing the irregular vesicular mycelium, 
(?/) , are well differentiated, but are more or less irregu- 
larly mingled. The “eonidia” (Fig. 2, C, con) are 
smaller and less numerous than in the endophyte of 
Opliioglossum, but have a much firmer membrane, as 
Jetf rey has described. These conidia were observed by 
Jeffrey to germinate by sending out a tube, and they 
are supi»osed to be .special organs of propagation. 

In a \'ery important study of the endophytic mycorhiza 
of the .saprophytic orchid, Neottia, W. Magnus'^ has 
shown that two types of mycelium exhibited by the endo- 
phytes are of very different nature. The slender cylin- 
drical hypluE constitute’ the active portion of the fungus, 
which behaves like a parasite toward the cell which it 
invades, destroying the starch and probably other con- 
stituents of the cell, but not attacking the nucleus. The 
latter becomes much hypertrophied, a phenomenon that 
is not seen in tlie endophyte of the Ophioglossacea3. The 
swollen vesicular mycelium, however, is a degenerating 
slructnre and is it.self destroyed by the cells of the host, 
which aetujilly digest these fungus myeelia in much the 
same way that the cells of Drosera digest their prey. 
Some intere.sting similarities in the behavior of the con- 
tents of the dige.stive cells of Drosera and those of these 
Innuus .saju-ophytes have been demonstrated. Figs. 2, 
d and B, show some of these cells in Botrjmhium; the 
varicose mycelium has very delicate walls, and in the 
older cells (Fig. 2, B) they seem to be disintegrating until 
finally the structure is completely destroyed and only 
a structureless lump is left. In Neottia this undigested 
mass is ejected into a central vacuole and becomes sur- 
rounded until a more or less evident cellulose membrane, 
separating it entirely from the protoplast after diges- 
tion is complete. 

A comparison of the endophytes found in the green 

^ Si.udien tm der Enclotroplieii Myeorliiza von Xeottiu Xidiis Mis Ij. 
lYuigsh lahrK, XXXT, 1900. ’ 
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protliallia of tlie various ferns referred to shows some 
diffei'enees which are iDrobahly not without significance. 
The structure of the mycelium and its general behavior 
are so much like those of the endophyte oeeui,-ring in tlie 
strictly saprophytic gametophyte of the Ophioglossace® 
as to leave little doubt that the endophyte in each ease 




Fig. 3. Cells from tlie greea garnet opliytes of s<*ventl ferns, shuwirig the 
character of the encloph^te. All figures 'x 350. 

■Aj Angiopteris evecta; Osniunda cinnamomea; O, D, Glnchmhi 

is the same, or at any rate closely I'elated. The conidia 
(Fig. 3, A, G) are perhaps less fretjuent, but in form 
and structure are very like those of Botrychiuni. Tlie 
most noticeahle difference is the apparently complete 
absence of the “digestive” cells, i. e., those that contain 
the varicose swollen mycelium. Ivo indications were 
noted of the destruction of the fungus hy tlie cells of the 
host and the former is evidently much more nearly a 
true parasite than is the case in the saprophytic gametn- 
phytes. In the infested cells of the green ganietophvte 
the starch and chromatophqres are destroyed evidently 
by the action of the endophyte, but the nucleus remains 
intact. 
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Of the ferns with gi'een prothallia, the endophyte has 
been found, almost without exception, in the following: 
M.a,rattia Douglasii Baker, Kmilfussia cesciilifoUa Bh, 
Angiopteris evecta Hoffm., Gleichenia {Eiigleicherda) 
prjlypodioides Sni., G. {Mertemia) dichotoma "Willd. 
(=--■- G. Ih/earl.^i (Burni.) Bedd), Yt. {Mertensia) Icevigata 
Hookoi-, G. (Mertensia) pectimiia Presl. In Osmtmda 
cimiamomea it appears to be commonly but not always 
present, and in 0. Claytonkma it could not be found. 
''Idle number of slides of the last species examined was 
not \'ery large and it is possible that further study of 
this species, as well as of 0. regalis, will show its further 
occurrence in the Gsmundacein. 

Of lh(3 forms that were examined, that occurring in 
Osnninda and Gleichenia was the largest (Fig. 3, B, C) 
and e<iual in size to the endophyte of Ophioglossum. The 
form in Angiopteris was the smallest that was seen. 

The Significance of the Endophyte 

That the presence of the endophyte is necessary to the 
existence of all strictly saprophytic gametophytes is in- 
dicated by tlie failure of the germinating spores to 
de\'clo]) unlo.ss they become assoeiated with the fungus. 
.Iforcin’cr, the universal occurrence of a similar endo- 
phyte in ail huraua-saprophytes among the seed plants 
indicates that in all of these chlorophylless plants the 
lu-esence of the fungus is necessary for the existence of 
the host. ,\lthough it has not been <lireetly proved, it 
is generally assumed that one role of the endophyte is 
the elaboration of some of the carbonaceous con.stituents 
of the humus. The infrequent communication between 
the external hypha^ and the internal mycelium makes it 
unlikely that the nutritive products are directly absorbed 
b>' the fungus, and it seems much more probable that the 
rhizoids of the gametophyte are the direct agents of 
absorption. How the humijs constituents are changed 
by the action of the fungus so that they are available for 
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tlie cells of the host is not clear and it is by no means 
impossible that some at least of the necessary carbon 
may be derived from the fungus itself in the digestive 
process to which it is subjected in the digestive cells. 
This seems plausible from the fact that in green pro- 
thallia, where presumably the plant is entirely able to 
supply its own carbon compounds through photosynthesis, 
these digestive cells appear to be wanting; or at any rate 
they were not observed in the several forms that I have 
studied. The experiments of Ternetz already referred 
to showing that certain fungi, including certain endo- 
phytic myeorhizse, have the ability to assimilate free 
nitrogen, confirms the assumption of eaidier authors that 
the fungus is useful to the host in supplying to it nitro- 
gen compounds; but while this is probably a very impor- 
tant part of its functions, it seems to me that it is not 
perhaps the only one, and that the necessary carbon is 
also supplied directly or indirectly through the agency 
of the fungus. 

As Magnus has very graphically shown, tlie relation 
of the two symbionts is mutually antagonistic, eac-h one 
acting as a parasite on the other, but ueverthcless tlie 
presence of the fungus is essential to the higher oi'gan- 
ism so long as the latter is destitute of chlorophyl; and 
the explanation of the wide-spread saprophytism exliiliiti'd 
by so many' of the higher plants may be sought in this 
attempt to defend themselves against what wms probably 
at first a strictly parasitic organism. Having aciiuired 
the power to attack and feed upon the parasite, the photo- 
sjiitlietic functions -were more and more snhordii!at<‘d 
until a state of true parasitism (or saprophytism) re- 
sulted. The numerous semi-saprophytes like most of 
the green Ericaceje and many green Orehidaeeai are good 
examples of transition stages, while the cliaraeteristic 
leafless humus saprophytes, such as the Mouotropea* and 
the chlorophylloss Orehidafeae, represent the fu!!\* de- 
veloped phase of this peculiar form of symbiosis. 
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That this sj-mhiotie association may occur in still lower 
organ i. sill s than the ferns is shown in the familiar case of 
the lic'hcns, which are most perfect examples of this. It 
has hccn shown also that a similar association of fungus 
and liost occurs in a good many liverworts. Cavers ® has 
•studied tliis association with some care in the common 
rncncort Fegatella, as well as in other Hepaticse. He 
found in Fegatella that the endophyte is beneficial to the 
growtli of the host, the plant being more vigorous when 
the fungus was present. He assumed that this was due 
to the assistance given by the fungus in the assimilation 
of organic matter from humus or from other organic 
snb.strata. 

This frequent oceuri’enee of an endophyte in Hepaticai 
makes the occurrence of this in the green prothallia of 
ferns quite readily understood. Whether in the latter it 
i.s an advantage to the host to have the endophyte present 
remains to be seen, but it is highly probable that such is 
the ease. Once having acquired the habit of associating 
itself witli the fungus, the gradual development of the 
purely sapropliytie subterranean gametophytes of the 
Opliioglossacea! from green forms similar to those of the 
!Haratiiacc*n', is readily conceivable. In the genus Lyco- 
podium there is every degree from the strictlj'' holophytic 
green prothalJium of L. salakense to the subterranean 
chlorophylless gametophyte of L. clavntim or the still 
more specialized gametophyte of L. pMefjmaria: 

Presumably in the Ophiogiossaceie the evolution of the 
ganietoiihyte has b6en very much the same as in Lyco- 
podium. 

*^011 Spj.tropl'ijtisfrB and Mvcorhiza ju Ileptiticuh Xcw Phiif-olodisl, IT, 


THE EVOLUTION OF THE TERTIAEY HALS, 
AND THE IMPOETANOE OF THEIR 
MIGEATIONSV 

PROFESSOR CHARLES DEPERET 
XJNTVBESiTy OP Lyons 

Second Papee. Oligocene Epoch- 

Having analyzed tlie local evolution and tlie migrations 
of the Eocene mannnals {Gomptes rendus, 6 noveinbre, 
1905), I will now consider the corresponding data in 
regard to the Oligocene. 

B. Oligocene Faun®. 

I. Lower Oligocene {Sannoisian or Lower T ongriun) . 
Two successive faun® : 

(a) Fauna of the white marl of Pantin, Eoinainville. 
The fauna of the lignites of Gelas, Avejmx, Veriiieil 
(Hard), of the limestone of Brunstatt and of Eixheim 
(Alsace) are probably not very distant from this. IPitli- 
out doubt the same is also true of several deposits in tlie 
South West of Prance; Pinnsac and la Grave (Gironde), 
Sainte-Sabine, Duras, Issigeae, Saint-Cernin (Dordogne). 
A part of the phosphointes of Querey,® and of the “ter- 
rain siderolithique” of Pronstetten (Suabia) belong to 
the same level. 

1. Local FyokA'ott-.— Continuance of the Pal®othei'iid:e 
(Paljeotherium, Plagiolophus), of the^^noplotherida* (last 
of Anoplotherium), of the Xiphodontid® (last Xiiilio- 
dou), of the Eodentia— Theridomyid® (Theridomys). 

^ First paper, Eocene Epoch, in the February number of the NATUEfj.usT. 

"Extract from the Oompies Tendus des seances de 'VAcadem-ic d* s 
cnccs, t. CXEII, p. 61S (seance du 12 Mars, 1906). Translated bv 
Kroeber. 

^ The remarkaijie fauna of the phosphorites is not a homctu'eneous asH*uii- 
b]a,ge, but a composite representing horwons- from the Ba.rto!)iun to tlie 
Staiiipiau, inclusive. In general,' therefore, I shall consider only those 
genera of the phosphorites that 'have' been found '''elsewliere in the stniUbed 
^/leposits, and whose age can thus be positively deterinlned.- 
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2. No new migration is known. 

This fauna seems to be simply a mueh-redueed remnant 
of the Ludian fauna and should be more properly included 
with the upper Eocene. 

(b) Fauna of the limestone of Brie, of Hempstead 
(Isle of Wight), of Eonzon (Velay), of Lobsann (Alsace), 
of (Jalaf and ’'Tarrega (Catalonia). A part of the phos- 
phoi'ite.s of Quercy and of the “terrain siderolithique ” 

( Boiinerz) of Veringendorf, Veringenstadt, of the Esels- 
berg, of the Hochberg and of Oerlingerthal near Him, 
belong to the same horizon. Possibly the beds of Monte- 
Promina (Dalmatia) belong to this horizon or to the pre- 
ceding one. 

1. Local Evolution. —Continuance of the Palasotheriidse 
(PaUeotherium, Plagiolophus), of Anthraeotheriidse (con- 
tinuance of Brachyodus, and appearance of species of 
Aneodus, some species of Anthracotherium), end of the 
Anoplotheriida^ (last Diplobune), continuance of Cisnothe- 
riidse ( Amphimeryx, ! Gsenotherium) , of Canidse (Gynodon, 
Gynodictis, Amphicynodon), of Erinaceidse (Tetracus), 
of Theridomyida^ (Theridomys), of Hysenodontidse (Hyas- 
nodon), of the Marsupial DidelphyidiP. (Peratherium 
A rnphiperather ium ) . 

2. Important North American migrations : Sudden ap- 
jiearance of the EhinocerotidiB (Eonzotherium), and of 
the Entelodontidse (Entelodon). 

3. Migrations of ’unhnoion origin of the Tragulidm 
(Geloetis), of lilustelidie (Proplesictis), of the Myomorph 
Eodentia (Griceticjm), and laerhaps of the Amphieyoninse 
(Teds of Tarrega). 

II. ^Middle OYigocene (Stampian or Upper Tongrian), 
very numerous deposits: in the Paris basin, la Perte- 
Alejjs; iji Germany, Ufhofen, Flonheiiti, Miesbach, lig- 
nites of Sehluehtern, of Gusternheim and of Westerwald; 
in the basin of I’Allier, Bourmnole-Saint-Pierre, Bons, 
Perri(jr, Ikfontaigut-le-Blanc, Champeix, Autrae, Saint- 
Germain-Ijombron, Antoingt, Yodable, Solignat, Lamont- 
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gie, Nonette> Malliat, Les Pradeaux, Les 

Ohauffotirs, Bansat, Boudes, Ohibrac, La Sauvetat, J nssat, 
Gergovia, Eomagnat, Peri gnat, Lemdes, Coiirnon, Mnr- 
eoin, Chaptnzat, Gannat, Saint-Menoux ; in the liasin of 
the Loire, Vaumas, Saint-Pour§ain-sur-Bebre, Briennon, 
Digoin; in the South East of France, Cereste, i\ranos(jne, 
clay of Saint-Henri near Marseilles, Milles near Aix, 
Auzonnear Alais ; in the South West of Prance, Cestayrol, 
Saint-Sulpice, Rabastens, JiMl of Samt-Martdn, Moiikuif^, 
Balvagnac, Vile d’Albi, Pont-Samte-Marie. Tournon, 
Capellier, Les Peries, Villebramar, la Milloque, Conibera- 
tia'e, Moissac, Beauville, Itier, Bourg de Visa, Monts%ur, 
etc.; in Switzerland, Blauen, La Conversion, near Lau- 
sanne; in Italy, Cadibona in Liguria, Monteviale and 
Zoveneedo in Vicenza; in Austria, Trifail in Styria, and 
deposits in Dalmatia; lignites of Inca (Island of ila- 
jorca) ; the larger part of the phosphorites. 

It seems that from now on it will be possible to distin- 
guish at least two horizons in this important stage: the 
lower (the principal deposits of which are given in itali<.‘S 
in the preceding list), characterized by the persistence of 
the last representatives of Palfeotherium, of Entelodon, 
or of Geloeus; the upper by the abundance of large-, sized 
Anthracotherium and Acerotherium, and the sudden a])- 
pearance of the Tapiridse. 

For the stage as a whole, the facts in regard to cn'oIu- 
tion and migration are as follo'ws: 

1. Local iVolntioM-. Continuance of Palaotherii<];u 
{last aiipearance), of Ehinoeerotidse (Aeeratherium, Di- 
eeratherium), of Chalieotheriidse (Schizotherium), of 
Anth r acotherii da) ( Bi’achy odus, Anthracothc ri urn, sevo r a 1 
phyla), of Entelodontida; (last Entelodon), of Suida) 
(Propahnochau-us, Pateochcsrus), of Camotheriida' ((‘jcno- 
therium, Ple.siomeiyx), of Ti'agulidav (last of Geloeus. 
Prodremotherium, Lophiomeryx), of Theridomy id;e (' 'Fijc- 
ridomys, Issiodoromys, Archsomys), of Cricetiim* (Cri- 
cetodon), of Talpidre (Geotrypus), of Erinaceida* (Erina- 
ceus), of Chiroptera (Palajonycteris), of Oreotlonta (last 
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Hy.'Wiodon and last Pterodon, Dasyiirodon), of Canidse 
(Arnphioyon), of Mustelid* (Plesictis, PaliEOgale), of 
Vivoi-ridiD (Ainpliletis), of Marsupialia (Peratlieriiim). 

2. IMigvatioirs of North American origin of Tapiridas 
( Protai)iTns, Paratapirus), and of Ainjmodontidfe (Ca- 
diir(‘()t]iorinin'), and perLaps of the Pelida'-MacliEerodinse 
(Kusinilns). 

IMigration prohahly from Africa (and perhaps a 
little he fore the Htarnpian), of Edentata with normal ver- 
t<d»]'a' ( Loptouianis and xYrelneorycteimpus of the phos- 
phorite beds) A 

4. Migrations of unknoivn origin of Cervulinxe (Drenao- 
therium, Aniphitragulns), of Castoridae (Steneofiber), of 
IMyogalidio (Eehinogale, Myogale), of Tupahda; (Plesio- 
sorex), of Sorieidje (Amphisorex, Sorex), of Lntrinse 
(Potainothei-iuin), of the Felidffi-Pi’ojnlurinse (Psendae- 
Innis), and of Lagoiuoipli Eodentia (Lagomyidte, genns 
Titanoniys). 

III. U]»per ftligncene 

Principal deposits: in the Paris basin, Celles-snr-Cher ; 
in tli(‘ Bourbojinais, 8aint-6erand-le-Puy, Ohaveroehe ; in 
( iorinaiiy, IVeissenaii and Atoinbach near Mainz, Haslaeh, 
Eckingen near Flm; in Switzerland the Gray Molasse of 
Lausanne, Othniarsingon, Hohe Blionen; in Savoy, Pyri- 
niont-Challoiiges ; in Provence, Varages (Var) : P>onjac 
in the basin of Alais; in Catalonia, liubi near Barcelona; 
in Bohemia, Tuchoritz; in Karinthia, Kentchach; in Hun- 
gary, "Waitzen. 

3. Local Continuance of Tapirida (Para- 

tapirus), of Ehinocerotidae (Aceratherium, Dieerathe- 

">r. ‘f'Joulp (Comijfes rindiia, 18 1896) has erpletivorchl to iirove uji 

afliiiat'p'U liphu‘fcii ratlureotlipritmi ami oertuin XTB^iiiata of s»u*h 

as Asrvapot'heriimi ; tluK rehitionsliip 'vvoiild bo it' demoB” 

sjL’atod, fur it woitUI Imply a Ptilaffonian ntifjratimi iu tli«' period. 

IPit, ihe supposed aOiiiby rosts, in my opiDJOii, upon rathor su[!ortieial 
restuiiblaiiees of the dcmtal systewi. 

•'I do not beliovo in the existence of South American Edentata iit tlir^ 
Uiigoceue of the phosphorite beds. The H^eerodastfpifs of !Piihol seems to 
toe to be a dermal plate of a Beptile related to Fkumanrm Oervais. 
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rium), of Chalicotlieriidas ( Macro therium), of Autliraco- 
tlieriidje (Brachyodus, last of Anthracotlieriiim), of Suid:n 
(Palseochcerus, f Doliochoerus), of Cajnotlieriida^ (Oanio- 
tliermm, Plesiomeryx), of Cervulinse {last Droinotiiorhim 
and Ampliitragnlus), of Theridomjddae (Theridoniys), of 
Myoxidas (Myoxus), of Eomyidse (Rhodanoiuys), of 
Seiuridse (Sciurus), of Castorida} (Steneofiber), of T^ago- 
morpli Rodentia (Titanomys), of Talpidic (Taipa), of 
Sorieidse (Sorex), of ErinaceidiE (Palseoerinaceus, blri- 
naceus), of Canidas (AmpMcynodon, Cephalogale), of 
Ampliieyoninffi (Amphicyon), of Mustelid® (Stenogale, 
Plesietis, Pateogaie) , of Lntrinas (Potamotlierium) , of 
Viverrid® (AmpMctis, Herpestes), of Pelidic (Pro®lu- 
rus), of Marsupialia (the last European Didelphyid®). 

2. Smaller migr&iioris of unknown origin of the Dimy- 
lid® (Dimylns, Cordylodon). 

The Aqnitanian fauna is chiefly an impoverished resi- 
due of the Stanipian. 

Important migrations begin again with the Miocene 
epoch, and these will form the subject of a later ])aper. 


(>l‘>8EItVAl^I0NS KEGAEDING THE CONSTANCY 
01’ MUTANTS AND QUESTIONS EEGAEDING 
THE ORIGIN OF DISEASE EESISTANCE 
IN PLANTS! 

PROFESSOi; HENRY L. BOLLBY 
Nor'l'h Dakota Agricultural College 

I.'i? is iKjt ruy purpose to develop a controversy as to 
tliooi-ies, lint, in pointing out some features of my studies 
ui)on disease resistance, it seems necessary to raise some 
question c(meerning the rapid development of the muta- 
tion theory wliicli T believe to be worthy of close thought 
before? we accept this theory as replacing, in entirety, the 
do(?ti‘ino of evolution as formulated by Darwin. 

The DeVriesian school has pointed out one way in 
which plants and animals originate new individuals with 
charaeteiistics apparently new. The Mendelian formu- 
las. especially as in late years developed, illusti*ate clearly 
how apiairently new eharacteristics may appear to be 
caused to arise. This would seem to be a fair statement 
of ail that has actually been accomplished. 

I assent tliat most of the conceptions arising from the 
iiivcstigalioiis of hlendel and DeVries are probably cor- 
ri*ct; and, after considering expositions depending upon 
the expf'rimcnts of many workers and having experi- 
iiM uted sufficiently to understand the meaning of “mu- 
tants.” “iniit characters” and “elementary species,” 1 
r<’cognize that these works added much light upon how 
evolution in plant life takes place, and that henceforth 
the conception of unit characters must largely form the 
thecu-etical working basis for practical breeding work. 
■V't I feel sure that Darwin’s conception was sufficiently 
lu-oad lo embo<ly both features as minor parts of the 
great co!ice])t of organic development. To accept De- 

before the AiiiericaB Breeders^ Association, Wasliington, D. C., 

January 29, 1908. 
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Vries’ doctrine of mutation as a substitution for the 
Darwinian conception is, I believe, to accept a part for 
the whole and to place before the farmer and stockman 
a doctrine which, if generally accepted as a suhstitatc for 
the broad conception of Darwin, can not I ait be narro\c- 
ing and injurious. 

DeVriesian and Mendelian phraseologv, in daily use, 
may be to blame, but in reading many of tlie late exfiosi- 
tions one is led to question whether the doctrine of con- 
stancy of elementary species or constancy of unit <'iiar- 
aeters can be accepted by biologists and breeders with 
any less damage to after progress than that which fol- 
lowed the once complacent acceptance of the Lintm-an 
dogma of the constancy of species, 

DeVries, of course, argues for the acceptance of tlie 
validity of evolution by mutations, and while one may 
readily concur that such mutations occur, one who woi-k.s 
largely with cereal crops and has always recognized that 
the individual is the proper starting point for selc'ction 
work, is apt to be astonished in reading his new work on 
“Plant Breeding,” and falls to questioning whether 
after all, a mutation may not be merely a “fluctuating 
variation,” big enough and stable enough to Ik* r<*cog- 
nized. Is it i^ossible that the nature of tliese cliariges is 
different in kind or only in quantity and range of dura- 
tion! Does accident play so large a part in plant de- 
velopment and plant breeding as indicated by must 
DeVriesian writers! One need not object because of tbe 
wonderful tilings said of elementai'y specie.s. for good 
Darwinians have always believed in the existence of 
strains and subspecies which would admit of the name; 
nor should we expect any less of DeVries than tliat he 
should use the arguments related in “Vilson’s Dis- 
covery” and those from such other experiments and ex- 
positions as would, when handled in certain lights, tend 
to show evolution by mutation. Yet, one who recognizes 
all of the possible merits that accrue from the f'oiicop- 
tion of hypotlietical unit characters and of the exist enee 
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of plant strains wliidi admit of the designation “Ele- 
mentary Rpeeies” may be pardoned if he is unable to 
aeeept anotlier dogma of constancy, and is unable to sub- 
scribe to many DeVriesian conclusions regarding the 
com]>arative merits of mutation as opposed to adaptation 
and natural survi\'al. Most of us, I believe, can only look 
upon a mutation as one of the types of variation tbrougb 
wliicb the survival process brings about evolution. I 
believe that V’e still have to look for the underlying causes. 
An ardent Darwinian can well agree to the statement: 
“Species are derived from other species by means of 
sudden small changes which, in some instances, may 
scarcely be perceptible to the inexperienced eye,”^ but 
may find points of doubt and refuse to follow to the 
limit when reading a number of statements found in the 
same work, for example, “Prom their first appearance 
they are uniform and constant.”® This statement refers 
to species. Again, “The conception of mutations agrees 
with the old view of the constancy of species. This 
theory assumes that a species has its birth, its lifetime, 
and its death, even as an individual, and that throughout 
its life it remains one and the same.”'* “Each single 
type (be it species or subspecies or variety) is thus wholly 
constant from its first appearance and until the time it 
disappears either after or without the production of 
daughter siieeie.s. ” “ This last sentence is cei'tainly elear 
to the effect that a species is never changed, at least so 
as to aff(‘ct its after progeny. Tt is e(iuivalent to saying 
tliat all individuals after formation in the seed remain 
exactly like the parents and, taken with the other state- 
ments whicli insist that plants mutate, means that they 
remain constant until they change, which is an absurdity 
in ai’gumcnt. With this, we must assume that a man can 
recognine tiltimate unit characters and can recognize just 
how many characters it takes to make a species. "Wlien 
*.T)cVries. Plant .Breeding." ■ Page 9.. , 
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we can do tins, there will not be any nse for the Breeders’ 
Association. “ . . . Mutations occur constantly, mthout 
preparation and without intermediates. ”® I can not think 
of a mutation or change in species occurring without prep- 
aration and without intermediates. It is epuivalenl to 
saying without cause. Later, one reads, “We may con- 
fidently assume that each single mutation atTw-ts oniy 
a single rmit. I would certainly agree with this state- 
ment if I could conclude from the author’s other state- 
ments that he had in mind that a plant niigiit be made up 
of an inconceivable number of unit characters, the ulti- 
mate nature of wdiich may, after all, be only matters of 
force. “In other words, the principle of adaptation, as 
one of the main parts of the theory of evolution, should 
be separated from the study of the geographical distri- 
bution. . . . ” ® As to this assertion, I agree that ydants 
migrate and select in the same sense tliat men migrate 
and select, but I can not agree that a species never adapts 
itself in such form as to transmit the results of adapta- 
bility. 

‘^Environment has only selected the .suitable form.s 
from among the throng and has no relation whates'er to 
their origin.”® “Natural selection . . . can.ses survival 
of the fittest; but it is not the survival of the fittest of 
individuals, but that of the fittest species, iyv \v!ii('h it 
guides the development of the animal and vegetable 
kingdoms.”*® 

These last two quotations contain sweeping as.-iimip- 
tions and all of them taken together must be interpreted 
as saying that evolution in plant and animal life ari.-^e.-: 
wholly from accidental changes, that is, from mutations 
which are matters of accident, having no jireeeding 
cause, therefore beyond us as breeders to investigate or 
change. This would naturally deprive agri<‘uHurali>ls 

^DeVrios. PItuit' Breeding. . Page ■24. 
page 3S2. 

^ Ihid., page H45, 

^ ll)\d., page 3ij2. 
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and stockmen of tlie right to hope for the adjustment of 
a species to new surroundings in which at first it does 
not fit. 

It is hard to comprehend a philosophy which recognizes 
the old conception of species yet breaks it into countless 
“elenientary .species,” and at the same time claims abso- 
lute eonstaney for the characters of the elementary forms. 
If mutations, which all agree may occur, do not come from 
irritations of environment, internal or esternal, from 
what cause may they arise? Must we say that each plant 
with, an observable unit eharaeter is a species and, with 
Linnaeus, that it always was? My observations do not 
allow of this thought; neither have I ever seen an acci- 
dent in nature. The only observed accidents of nature, 
when known, have always been found to have direct nat- 
ural cau.ses. I could not work with faith upon plant breed- 
ing if I could convince myself that any plant was ever 
the result of an accident. 

The fact that plants mutate and that new types arise 
in regular mathematical relations due to cross breeding, 
and that selections from individuals give the correct 
methods of breeding, seems evident, but I have seen noth- 
ing to convince me of absolute constancy of either indi- 
vidual or species. Mutation seems to be just a good name 
for a gi’ade of natural changes and no more. TVe have 
still to look for the causative feature in the environment 
behind the mutation or change of eharaeter; and, if we 
wish to improve upon agricultural species or varieties or 
individual strains, we must select from among the occur- 
ring changes, whether we call them mutants, elementary 
sj)eeies or unit characters. The demonstrations of mu- 
tations and the new knowledge that arises from a better 
understanding of the laws governing union of and correla- 
tion of characters must eventually greatly facilitate the 
studies looking toward an understanding of direct special 
causes for the changes which occur in the evolution of a 
type. DeVries’ oiiginal experiments were of immense 
value, but I believe his philosophy of constancy to be 
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exceedingly bad. There seems to be no observation or 
experiments •whieh can be interpreted as siibstantifiiingf 
that phase of his writings, "^^niile DeVries’ e.xanptbjs ai! 
point to the minutest types of variation and cli.mgC', 
his philosophy of constancy is directly opposed to this 
thought and would dash all of the hopes of the average 
man doing any work looking toward the improvement of 
strains, or types. Yet, previous to tlie la.st few yeai’s, 
since college men have been given sufficient funds for 
experiment, it was the practical farmer and stockman 
who had done the work in improvement of agricultui’al 
sorts and races in stock, and most of the improvements 
have been made from pedigreed strains of rather }5ure 
type whether we speak of vegetables, fruits, cereals or 
cattle. I know this statement will meet with objections, 
but I believe it will be found to stand upon good bases 
when we remember the work of our horticulturists and 
best breeders of animals. For example, AYellman, Haynes 
and Houston used plant gardens for tlie iJimluction of 
individuals from individual mother plant.s in wlieat be- 
fore De Vries, Nilson or Hayes wmrked. I can not con- 
vince myself, after studying the results and o!)serving 
the work of Mr. Haynes in later years, that he oi- the 
other two men got results only from tlieii- fir.st selections. 
Each of these men have time over and again told me 
that they selected only the best strains from the pi'ogeny 
of the best individual and that each year their crop had 
improved in the dii’ection along which they worked and 
that it maintained’ itself reasonably well in the field. 
This, of eoui’se, DeVries would answer was only the re- 
sult of “fluctuating variations.” My studies do not con- 
vince me that he is correct. Undoubtedly, there are 
countless variations which may occur in the lh>!d crop 
which it is folly to assume may be detect(»d and classi- 
fied as permanent or fluctuating. Certain it is. that 
Darwin argued for the great stability of cci-taiii inbred 
stocks and tliat forces of heredity are .stronger ihaa tho.s(» 
of variation. It is ecpially true that tlie longest pursued 
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exporiinents of American agriculture show that pure 
strains or varieties of close-bred stocks, especially those 
of cereals, are sufficiently stable to be held to form under 
intelligent culture, Imt none of us, as yet, can say further 
than this. If we maintain and can agree that a mutation 
or change has a natural cause and that no plants are 
stable, constant in character, it is nevertheless not neees- 
saiy to be assumed that the burden of proof rests en- 
tirely upon Darwinians. 

What evidence may be placed over against the theory 
of constant elementary species! Well, as an hypothesis, 
when carried to the limit, an elementary species becomes 
a unit ehara(t(?r and when unit characters are well Imown 
they will as in the case of the units of matter, perhaps 
become so intelligible as to be recognized as the least 
conceivable element of natural force which makes for 
union and which in ease of the organic units may make 
for a he]ital)le change. This, the wniter believes, is the 
ultimate result to which most of DeVries’ facts and oh- 
servation.s point, and my own observations, together with 
those of otiiers, as I undestand them, teach that when- 
ever physical and ehemiear conditions are changed in 
the least, within or without the plant, some variation 
will occur in pilant substance, and that this may result 
in a change in the progeny which may he fixed or modi- 
fied snfiiciently to serve agricultural purposes, if the con- 
ditions wliich originate it may be ascertained and reason- 
ably maintained. It is but reasonable that some changes 
should approach greater stability than others. 

The practical breeders of America, years before the 
wo)'k at jimsterdam and Svalof commeueed, developed 
liundrecls of ^mrieties; and though I have woihed with 
many varieties and strains of wheat, flax and potatoes 
and have found them all reasonably stable if given gen- 
erally stable environment, I have never yet been sure 
that I have seen a stable iDlant or stable strain or variety. 
Some change is continually taking place and an)’' change, 
I think, may be fixed Just in proportion as we know the 
conditions which originate it. 
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This brings me to the statement of a principle of agri- 
cultural cropping which, though generally recognized hy 
breeders for years, yet needs to be much einpbnsizod hy 
those who would improve a character of a jbant <)]• a 
plant strain, or maintain a standard of a general (.-ruj); 
namely, the condition under which a character originated 
or is being originated must be maintained oi‘ aiiproaciied. 
It is all the more important to hold this feature of crop- 
ping well in mind, now that tlje conception of unit char- 
acters and of mutations and of new methods of experi- 
mental breeding has proved to be of such fertile aid 
in the production of new types. Much (.)f the value of 
agricultural, commercial cropping rests upon the per- 
manence and general use of a few well-maintained or 
established varieties as against the miscellaneous use 
of many varieties; thus, for instance, a district or countiw 
gains its reputation for a particular crop not by the use 
of many varieties, as, for example, of wheat, or oranges, 
but by the use of a few which by cai’cful worl< arc Indd 
to their characteristic qualities. It is ((uilc possihlc to 
swamp agriculture by the creation of t(a.> many i'oriii.s. 
Stable industries are built up about reasonahly stable 
crops. 

After a new type or a new cliaracter in a, type has !>cen 
obtained, new conditions, if they include the e.«scntials 
of the old conditions, may readily bring about tiu* ad- 
dition of new featui’es whether wo hav<j in mind calling 
these new featees fluctuating or elenumtary. Tf the 
originating conditions are lost or ai-e not maintained, the 
type should degenerate or retrograde, lose charact<-i*, and 
I am quite convinced that it always d(tes. Tlcr<*iu iit'S 
the working basis for every-day crop)>ing and imctMling. 
This line of argument is equivalent fo saying that so 
called fluctuating variations may be maintained and built 
upon as foundations for important liei-editary cluingcs, 
whether, in writing, we term the resultants mutants, 
sports or simply elementarv units or species, ft is otjuiv- 
alent to arguing that the principle of adaptation may 
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be active in nature even tbougli mntations are observed. 
Or, perhaps plainer, it is equivalent to saying that muta- 
tions tlieniselves may be nothing more or less than adap- 
tations, adaptive changes. I think breeders who ignore 
tliis tliought in tlieir work will eventually find themselves 
without a basis for well-founded experiments. 

I liave been l)rouglit to these eonclusions chiefly through 
careful observations upon my own selection and breeding 
plots, ipHui which for a nunfber of years, I have attempted 
to hasten the suiwival of the fittest, or of the unlike, 
through the development of or heightening of the action 
of plant disease for the purpose of eliminating the weak 
or unfit.’ ^ The method of field work consists essentially 
in constant culture or cropping to the crop under con- 
sideration and in promoting, in every way possible, the 
develoi^meut and action of the disease under considera- 
tion; and at the same time using all available methods 
of breeding and selection under these heightened condi- 
tions of disease. The method has given marked results 
when, applied to wheat ns. wheat rust; wheat ns. wheat 
smut; flax vs. flax rusts; flax vs. flax wilt; and potatoes 
vs. scab and blight. 

jdy observations along these lines have been such that 
I have no fear but that the future will find me right in 
the a.ssertion (1) that mutants may be so insignificant 
and numerous as to be unrecognizable and thus fall di- 
rectly into the class called by DeVries, “fluctuating vari- 
ations”; or (2) that they may be induced in a mixture 
of a great number of varieties of a species at one and the 
same time because of the same environmental eause.s : or 
(.3) that, in some cases, “fluctuating variations” are of 
sucli nature and woi'th as to allow results to be obtained 

Tlio fnli details of the methods and details t)f the results can not be 
funiislied in the iiirilts of this paper. The method of v'ork has been out- 
lined in the aiiniial reports of the Korth Dakota A.^rieultural Experiment 
Station and io an address delivered befow? the moetin <4 of farmers and 
stookmen at St. lAiuiSy Oetobcr, 1903j and further report L*d upon in vol. 
I. page 131 of the report of this assoeiation, and also in the Proceedings 
of the Lansing Meeting of the Society for Promotion of Agricultural 
Scieneej j>. 107^ 1907. 
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in mass breeding of as gi*eat importance as any that may 
be hoped to be obtained by looking for a single mutating 
type evolved through the method of De¥ries. 

I am miable to affirm whether disease rcsistaiK-e, im- 
munity to disease, is structural or physiological. 1 be- 
lieve the latter, for I have been able to dos'elop it in 
varying degrees of perfection in every strain of potatoes, 
wheat or flax with which I have worked, ami for all of 
the diseases noted, while the ftiethod used has always re- 
mained the same. There is also good structural evi- 
dence that it is physiological, as shown in the structural 
changes caused by the entrance of disease-producing 
organisms within the tissues of resistant hosts. I 
have worked wdth pure strains, centgener progeny, 
from individrxals, with the progeny of cross bi-ed plants, 
with mixed strains and variations in l>ulk, and with 
bnlk selections of centgener origin, side l)y side, and 
resistance has come at approximately the same rate 
and grade for a variety through any one of tliese metliods. 
¥dien the conditions of disease production and conditions 
of infection for each plant have been held so as to be 
constant factors, the bulk method of seleetioii, as, for ex- 
ample, selection to seed weight, color and form from a 
disease plot of flax, has given final liereditary ixmisianco 
as rapidly as individual selections from tlie progimy of 
individuals of the same strains. Tbe only cases in wliich 
i-esistance has developed iri*egulaiiy in suck strains of 
flax or wheat have been found to be due to impurity of 
type or to irregularities as to the constancy and aniomit 
of disease infection, or to irregiiiaritio.s in lii<‘ comlitiuns 
promoting the development of disease. 

Eesistanee to the diseases named for the cro))? naiiu'd 
can be developed in any variety' or slraiu by (itlier 
metliod of selection noted. In any cast?, it may b(; in - 
creased by every proper selection year by year, just in 
proportion to the perfection with which the disease (‘on- 
ditions of elimination are maintained. 

The niethod works in potato selection, where (be process 
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of pi'opas'ution is by cuttings or buds and bonce only a 
coTidonsed individual life. It worlcs in ndieat, Avhieb seems 
quite guarded in its closed or individual fertilization. 
And it works in flax wliicli, tbougb usually self-fertilized, 
is, no <lou))t, nnicli given to intercrossing in tbo open. 

If the proofs rested only upon liax, where there are 
many possibilities that open crossing might give liso to 
the various Mendelian types, hoinozygotes, heterozygotes, 
etc., the evidence might be thought to be thrown into 
question, but even there, when crossing is pi'omoted, 
while there is every evidence of the oceurrenee of resist- 
ant or non-resistant types among the crosses, resistance 
is seldom fonnd to approach tlie immune type upon the 
first possible selection. In other words, if mutants do 
occnr in flax throngh natural crossing or self-fertilization, 
so far as onr experiments are concerned, tliese resistant 
forms are fonnd to act exactly as do those which may be 
developed from ordinary types of non-resistant flax. 

With this crop, one finds little, if any, resistance to 
wilt and to rust in the best seed strains of southern 
Russia or in tlie best seed strains from the new lands of 
our northwest or in the best fi])er strains of the disease- 
free disti’icts of northwestern Russia, though it often 
crops out in tlie general seed samples from the worst 
disease infection regions of central Russia. IE mutants 
were witliout cause and constant, one ought to find them 
as readily in the seed of one district as in another-. One 
can, however, Imild resistance upon the least resistant 
of these strains, if the work is started upon a graded 
scale of disease infection which is increased year by year. 
If the seed is placed under too heavy conditions of wilt 
production, the plants are all killed in embryo or young 
stages of growth and nothing is gained. If, however, 
scimbs or runts may be saved fi-om the first season under- 
weak disease infection and a graded infection is followed 
thereafter, in approximately five years one may bring 
these strains of seed to such a stage of resistam'e that 
ordinary agricultural methods of cropping will maintain 
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them upon the most flax-sick areas. But whether tliese 
resistant strains have been selected through crossing or 
by this gradation method from bulk seed or from indi- 
vidiials taken from a known pure strain, T have found 
that abrupt heightening of disease conditions oi‘ too gTea.t 
violence may undo the whole work. 

It holds as well for wheat when speaking of rust, at- 
tacks. Under uniform conditions of rust infection, aii 
wheats ari.se rapidly to a stage of marked i-esistance to 
general nredospore infection wliether caused hy the ty])e 
Piiccmia gramirms or P. rugigo-vera, wliicli resi,stanee 
.seems to l>e eharaeteristie for each variety eoncei'iied, 
but may then fall a readj^ prey to sudden attack.s in- 
troduced by properly conducted aecidia! infection. .VH 
this points to the role played by the irritations of environ- 
ment, which either govern the appearance of nuitnti<»ns 
or produce other changes wdiich are very worthy of the 
breeders’ and croppers’ attention; and allows one to as- 
cribe much more merit to methods of mass seleetiou an<l 
breeding in cereals than the DeVricsiaii doeti-ine of con- 
stancy of elementary species will allow one to assume. 

Uo phase in this argument toiudie.s upon tlie iilliinate 
causes of disease resistance or immnnity. But tlu' facts 
do point quite eleaiiy to the probable iiiflxieuee of eluMui- 
eal agencies, perhaps toxines, ari.sing from (lx* dii-eet 
existence of fungus attaek.s upon tlu! 1iost.s. In my mind, 
there is not tlie slightest doxibt hut such attack.-' origlnali* 
heritable resistance, in much tlxj same s<‘i!s(‘ as .\la(‘- 
Dougal’s chemieai injections upon ovarie.s are snpjiosed 
to have originated new types. If later ex])erinienis prox c 
MaeDongal ’s observations to he well founded, tlx* i-<-sults 
will be of far reaching importance. If these suppositions 
that fungus attacks upon the host may itiduee fmigus- 
re.sistant qualities in the progeny from tlie matured ova- 
ries, are eori-ect, no doubt the unit charaeter.s, so ('ailed 
(whether .simple and definite in number or wlx'ther they 
may be considered as composed of conntles.s an<! variabh; 
elements of the eromatin structures) may be elTfX'ted, or 
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ma\ lie originated, and one ought, iiiidei’ crossing', to 
obsovvft tlio effects in terms of dominant md recessive or 
<;1oak(M| features. Rncii effects I have observed to occur 
ill flax as against tlax wilt and in wheat- as against P. 
f/i'tiHiiiiiis. i'llr. Iv. ir. Biffin, of Kngland, is reported as 
indicating' tliat lliis is ti'ue in the case of wlieat when 
ei'os.sed with cincorn as against yellow rust. 

.l>at(‘son, in an admirable article n|:)on “Pacts Limit- 
ing the d’Iu‘ory of Ihn'edity,”’- would also seem to en- 
roll himself as against any adaptative resymnse to 
chang(*d conditions as able to account for the origin of 
sncli facts as F liaAm olism'ved in my cultures of flax and 
wlieat. Llins we read: 

the rt‘SfMi]is<i of conditions may have been 

flirpct, ir imist \un. be hastily concluded that the resimnse is adaptive. 
Tim appeal to tlireet responses so t^oininon in evolutionary discussions 
of tltirly years aj^o, was inadt* to account for the eom])lex adaptations 
oi' or,mniis!'ii to euviroumeiit. It is the total want of any evidence 
support ini** that appeal which has tlriven most of us to disbelieve in 
the reality of any such clainus. and there is nothing' in the new evi- 
dence, I think, which should shake ilie altitude of resolute agnosti- 
ci>jn wliicii we have thus lieeii led to adopt. 

However, in exyilaiii such observations as tliose noted 
by me in the flax aiul wheat cultures seems to demand 
the ;ts.«umiition that additional elements of heritable char- 
nct<‘r arise on a.<‘count of causes demanding adaptive re- 
sponse. Xo theory of f|uantitative subtractions of unit 
characfcr.s already formed would seem to he adequate 
1o accujint for the observed ai'quired ijualities of resist- 
ajice. ft is probalile that only the cytologists ai'e in 
])osition to pi'odnce direct proof or disi^roof of the 
apparently necessary suppositions as to ehai'acter modi- 
fications. C<>rtainly tliose among them who are experi- 
mentally inclined may cut along the line indicated with 
much hope of uncovering maiiy high lights to breeders. 
Plveii here, it may he expecting quite too much that pos- 
sibly pure ythysiological qualities should lie represented 
by strnetnral units. 

November 15, page 649. 



WHAT IS A SPECIESI^ 

PROPESSOE S. W. WILLISTON 
University op Chicago 

We have had in the past not a few interesting' discus- 
sions upon or controversies over the inetliods of evolu- 
tion and the origin of species in this club. We liave more 
or less plausible theories as to the evolution of species, 
by natural selection, mutation, inheritance of ac(|nired 
characters, etc., but we have very nebulous ideas as to 
what species really are. Nothing is more common than 
the term species; nothing is more uncertain than what 
species are. 

Long after the present topic had been suggested for 
discussion by the club, I was delighted to learn of a like 
discussion to be held at the late meeting of the Botaniiml 
Society in Chicago. I anticipated that symposium with, 
the liveliest feelings of satisfaction, eontidently exp(‘ct- 
ing a brilliant illumination of the whole umlirageous sulv 
ject, an effulgence of light that would throw into doejtest 
obscurity whatever feeble beams I might myself hope 
later to cast upon it. But lamentable was my disa]ipoint- 
ment. I heard some ancient platitudes that th(> zoologists 
ceased in despair to consider a dozen years agone. and 
many anathemas showered upon the botanical taxono- 
mist. They berated him for making such a mess of classi- 
fication, and hinted very freely that he didn’t know much 
anyhow, and probably never would. If all that wa.s said 
he true, then indeed the botanical ta.\'onomists are a 
sorry lot. One distinguished speaker declared they Imd 
made no progress since the time of LinnA and lie rather 
seemed to desire that the whole tribe might be banished io 
some desert isle where there is neither vegetable life nor 
printer’s ink, that they might no longer trouble the ecolo- 

^ A paper read before the Biological Club -ofxthe Uni'verafy of (liltMgtL 
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gists and pliysiologists, et id genus omne. But I can not 
(‘Scape a liarrowing doubt as to what the learned speakers’ 
vocations in botany would be, if the maligned taxonomists 
liad not got in their diabolical work. Possibly they would 
distriliute an herbarium with each lucubration, that their 
readers might know what they were writing about; or 
possibly they might undertake to name their own species, 
for I have seldom known the morphologists to escape the 
rnilii itch on very slight infection. 

I sympathize with the physiologist or ecologist, who 
after he has written a luminous paper on a Cratsegus or 
Viola, or Eosa, or Opnntia, endeavors to ascertain the 
proper name for his plant ; biit I do not sympathize with 
his objurgations against the whole tribe of species makers. 
There is a deal of pseudo science, unripe science— were 
it not undignified I would characterize some of it by an 
expressive monosyllabic word suggesting decomposition 
— published about species by the taxonomists, but I sus- 
pect that there is also a large deal of like obnoxious ma- 
terial lying at the doors of the physiologists and ecolo- 
gists and morphologists. But that fact does not make 
taxonomy or ecology anything less of a science, nor the 
work of able men in either less valuable. I am a little 
weary of hearing from narrow specialists in other depart- 
ments of biology constant condemnation of the taxono- 
mist, and T have been hearing such for the past fifteen 
years from men who should know better. 

Now, as one wlio has been guilty in the past twenty-five 
years, let me say it humbly, of naming and attempting to 
describe ten or twelve hundred so-called species and gen- 
ei‘a, I beg leave to make a few re}narks about species. 
You may pi'operly accuse me of Ijeing one of those de- 
generates tlie taxonomists and, as liis tribe is not well 
r(‘prosented here to-night, I may be permitted to present 
his side of the case. I hold no brief for the criminals, 
but, as one of the accused, I would present my own de- 
fense and my own views. 

The (juestion. What is a species! has been asked re- 
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peatedly, I may say coiitimioiisly, since the time of ljiTme,;= 
even if our friends the botanists have been soiiunvliat 
somnolent of late. We have had no satisfactory answer, 
for the simple and very good reason that tiiera^ is none, 
and never will he. If we could go hack to tlu? liapity 
Cuvierian or even Agassizian days and throw t!i(‘ whole 
responsibility of their definition upon the (Creator, .s<‘ck- 
ing some revelation in Holy Writ, it would save us niucli 
useless worry. But, as we have long since learned tliat 
species, like Topsy, just grew, we have and always slia.ll 
have as great difficulty in deciding when varieties and 
races become species as we have in determining when a 
puppy becomes a dog or a lamb a sheep. 

Let me premise further with the statement that irne 
taxonomy is the most advanced and difficult of all bio- 
logical science. G modest claim is it not? But I think 
that you will readily admit that evolution, as a science, is 
the highest end of biology— and taxonomy is merely tlie 
graphical expression of evolution. If, then, we do some- 
times baptize a score of hawthorns, or bedbugs, or coyotes, 
where the breeder or ecologist thinks that he finds Imt one 
later, we crave your sympathy and your aid. not your 
scorn and contumely. The br’eeder may get all variations 
between the domestic ox and the American bison, and II icy 
will breed reasonably true by artificial selection, but I lie 
assertion that Bos ameriamms and Z]to.S' iattins arc one and 
the same species would be preptosterous. Is it not j>os- 
sible that some of our learned breeders of ])lants ami ani- 
mals may he in orroi- themselve.s in iheir vii'w.- of 
“species”? 

All classificatory terms are impossible of e.\act defini- 
tion. Their use always has and always will di'pcnd upon 
the consensus of o]>inion of those best (pialificd by wis- 
dom, experience and natural good sense, d’hi'y will never 
become stable; we shall never cease to amend, io cliange, 
to repudiate old and propose new, because wo shall nevoi' 
reach the final summation of science. We can only ho|)e 
that all changes shall be for the better, shall be nearer tlu> 
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real tiaitii ; that iticompetent and inexperienced taxono- 
mists sliai! ho lailed out of court, even as incompetent 
anatomists and cytoiogists are disbarred. The unfortii- 
jiahi tiling: is that we taxonomists have so hound our- 
selves in a .snarl of laws and by-laws that we are eom- 
peiled to inenl)ate and wet-nurse every premature and 
nion.strmis taxonomical imbecility till it dies a natural 
death, whereas those of other biologists are promptly 
sti'angled or thrown out into the cold to die of inanition. 
]jet us Inspe that we may escape from some of that snarl, 
or at least tliat we may cut some of the bonds which hold 
us too tightly. 

To di.scuss our subject in all its details and bearings 
and fi-om all view-points would I’equire, not one evening, 
but many. Permit me, thei’efore, to offer for your con- 
sideration certain axioms of evolution— theories or hy- 
]iothese.s if you prefer to call them such— bearing more or 
less closely upon the question, What is a species? Some 
or all may l)e familiar to you— I do not know whether all 
have beeon in print or not— but, such as they are, they are 
all based upon my own observation, and, so far as that 
go<‘S, 1 am prepared to defend them, and will endeavor to 
do so later if there are any you re|)udiate, as perhaps 
there are. 

■f 1. The only biological entity is the individual, and the 
individual is inconstant. 

2. The value of specific characters is dependent upon 
a number of interrelated and inseparable factors, the chief 
of which are environment and heredity. 

3. -Vecunmlated heredity may outweigh natural selec- 
tion or mivironment, and rice versa. 

4. -\ crescent phylum is more variable, more plastic 
than a long established one; that is, time is always an 
element in the fixation of characters and the limitation of 
variation, and the length of tune is dependent more or 
less upon the strenuousness of environment and selection, 
and the plasticity of the tjq^e. 

5. Xew phyla arise from crescent phyla, never from 
decadent or even dominant ones. 
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6. Tlie decadent phylum may present as unstable salta- 
tions, generic or even higher characters of allied dominant 
groups ; that is a character of generic or even family value 
in a dominant group may he merely an individual varia- 
tion in a decadent ojie. 

7. The members of a dominant group are, ceJcriK ixirl- 
bus, more closely adapted to their environment, their 
characters less variable, their geographical distribution 
more restricted. That is, species of dominant groups 
may be safely based upon less distinctive characters than 
those of a crescent phylum. 

8. It follows that senility and decadence are the at- 
tributes of species, families and orders, as w'ell as of tlie 
individual. 

• 9. The older the genus or allied grou]'> of species, the 
more restricted, apparently, is fertile hybridity. For ov- 
ample : The genus Rhinoceros is an old one that has 1)er‘n 
but little modified since early Miocene times; I iiav(‘ never 
learned of cases of hybridity between living species. 
Eciuus arose in early Pliocene times with all ils e.<sential 
modern charaeters; hybridiKation b(itwe<ni all its !i\'itig 
species is not difficult, but the hybrid.s are infertile*. I'lic 
genus Bos, while beginning in the Pliocene, <lid not attain 
full development till Pleistocene times; its nnnierous .spe- 
cies are continuously fertile in all combinatifms. Rhi- 
noceros is long past the zenith of its evolution : its highc-t 
specialization was in the Pliocene, or at most Ificistoccnc. 
Equus, too, is past the highest point of its development, 
perhaps, but not far. Bos, on the other hand, is a domi- 
nant or crescent type; its maximum specialization is in 
the present time. 

10. Secondary sexual characters are transmitted to the 
opposite sex, unless of positive disadvantage. Varietal 
and specific characters, in the natural course 'of events, 
are more or less unisexual at their inception, and the con- 
stant tendency is for the characters of one imrent to be 
transmitted to offspring of both sexes, even when such 
characters ai’e apparently useless, as seen in the nidi- 
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lucntary luanima! of the human male, wliieh, indeed, some- 
tiiiios become of functional use. 

11. Secondary sexual characters are more numerous 
niid less stable in the male than in the female; that is, 
female .sexual characters, whether priinary or secondary, 
may be of generic or even family value in groups wherein 
like chai'acters in tlie male are merely specific or even in- 
<lividual. 1 am aware that some iriodern naturalists would 
discrc'dit sexual selection, but, until some hypothesis is 
given to rejilaco it, T. must still continue to believe that 
sexual sel<!ction is necessary to account for secondary 
sexual characters. 

12. ..iVn orga}i once functionally lost is never perma- 
nently regained by natiu’al selection or any of its hypo- 
thetical substitutes. A hexadaetyl species of Homo o^r 
Felis is impossible. 

Id. (Hantisni in any group is an indication of approach- 
ing decadonce ; giants never give origin to dominant phyla 
of smaller avei’age size. 

To tliese I may add, as an article of faith, one more: 

14. Fertility depends chiefly npon the inheritance of 
physiological eliaraeters. A modification in the behavior 
of the sjjcrni and germ cells may affect fertility even be- 
fore strm.-tirral characters have become mneh affected, 
and rire verfta. Human males and females, as we all 
know, are sometimes infertile with each other, though 
(-nch may he entirely fertile with some other; an extension 
of (his infertility to races would produce what the tax- 
emomist would accept as species. I furthermore believe 
that the accnnn}lated iuheritance of ])hysiologieal charac- 
ters may and does produce determinate lines of evolution, 
that is, ortliogene.sis, which may go on into hypergenesis, if 
T may use this term to indicate that hereditary momentum 
which restilts iu over-development of organs. I account 
for this accumulated heredity by the action of past en- 
vironment upon the organism, that is, Lamarckism. I 
am also quite aware that I am with the minority in the 
acceptance of Lamarckism as the chief causative prin- 
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ciple of the origin of species. I am told tliat the direct 
effect of environment in modifying germ characters can 
not be proven, and I retort, neither can it be dispros'en. 
Paleontologists almost universally, and taxonomists gen- 
erally, are Lamarckians, that is, those wlio deal chielly 
with range and distribution, time and space; laboratory 
biologists, on the other hand, are almost invariably o])- 
posed to the theory of the transmissibility of acciuired 
characters. We can see no altei-native hypothesis that 
will meet the requirements of the classifieationist oi- the 
paleontologist, and we respectfully submit that the ex- 
periments of a few years or even scores of years are tri\-ial 
in comparison with the natural experiments that go on 
through tens of thousands of years in the oi'igin and lix- 
%tion of species. Prom my little water-garden some y(;ars 
ago I took some plants of the common water hyacinth and 
planted them in the ground. I was surprised to find that 
they grew luxuriantly, but that they did not deveioii the 
peculiar bladder-like swelling of the leaf stems ; when 1 
again transferred some small offshoots to the water, they 
promptly redeveloped them. I’he plants immediately 
changed their structure in adaptation to their teri'cstria! 
or aquatic environments, and doubtless th(?y would do 
so after many years of isolation. But had the water 
hyacinth been cultivated as a garden plant in thr^ soil 
since the time of Pliny I believe that the terrestrial <*har- 
aeter would have become fixed, and, after all, two or three 
thousand years is a very short time in the history of }>!ant 
species. The Weismannians Irave been compelled to 
recede a long way from their first ])ositioy of the absolute 
and eternal distinction between germ-plasm and body- 
plasm; perhaps we shall yet find an intennediate place 
that will satisfy us all. 

In claiming a high degree of importance for physio- 
logical characters and physiological isolation in the for- 
mation and preservation of species I need not say that 
the term physiological is merely a confession of ignorance. 
All physiological function must inevitably depend nifi- 
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mately ij])oii structure. Two cells absolutely alike must 
doubtless function quite alike. But I doubt if tliere ever 
are any two cells quite alike. We are already learning, if 
I am correct in my understanding of the claims of Me- 
(llung and others, that even minor, so-called specific dif- 
ferevK'e.s are discoverable in the cell, in some groups at 
least. There is, of course, no such thing as a purely phys- 
iological species, for (dianged structure must underlie all 
variation, though we may not be able to discover the 
ditferences. T can conceive that additional or modified 
chromosomes in the germ cells of the greyhound might 
indicate a paidial physiological isolation which has pre- 
served this race of dogs almost uiidefiled through more 
than three thousand years ; certainly man has not been the 
cause of its preseiwation. 

Now, if the foregoing theses or hypotheses he true, or 
even if the greater part of them be fundamental principles 
of variation, it follows that the definition of species must 
be made for each and every one that exists or has existed; 
that a specific character in one group may be merely 
varietal in an allied group, on one hand, or generic in 
another, on the other hand. Or, aphoi*istieally, every spe- 
cies, as we know to he the case with every genus, is a law 
unto itself. And this is, practically, the working rule of 
every competent taxonomist, though of course many sad 
errors are made in its application. And it follows that he 
who is best qualified to propose and name species, or to 
criticize tliose which have been ijroposed by others, is one 
whose acquaintance is widest with living forms and witli 
the laws which underlie their evolution. He must not con- 
found genetic with adaptive characters, for phylogeny is 
the sole end of taxonomy. 

Binee we can not give an answer to the cj[uestion. What 
is a species? let us analyze briefly some definitions of 
the ]:)ast : 

1. A species is a form of life which breeds true to itself. 
The Jewish race has bred true to itself, as indicated by its 
distinctive physiognomy, since the time of Eameses; and 
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the Bourbon nose is characteristic of that family. Ergo, 
the Jews and the Bonapartes are distinct species of Homo ! 

2. True species are incapable of fertile hybridity. T)ie 
example of the Catalo, the fertile h.ybrid l)etw(H‘n />'o.s' 
americmms and Bos taunis, will suffice. The domestic 
dog’ interbreeds freely on the plains with the coyote, and 
no one doubts the specific validity of Canis lafnnis, wliat- 
ever we inay think about coyotes in general. The do- 
mestic eat, according to Pocoek, i.s a hybrid between the 
wild eat of England and the wild cat of Egypt, with a 
distinct tendency to vary along ancestral lines after cen- 
turies of fertile hybridity. The domestic races of dog 
freely interbreed, and yet we are quite sure they are the 
derivatives of several "wild species of Canis. ilay not 
fertility, as a physiological inheritance, account for the 
preservation of their distinctive types, notwithstanding 
man’s artificial selection? Is it probable, for instance, 
that the Boston terrier hybrid will continue longei’ than 
the fad of its bi’eeding remains undiraini.shed .’ 

3. A species is a type which varies only within nai'row 
limits. The jungle fowl is faii'ly constant in natnr(i. 
Its extraordinarj' variability i.s seen in the {louic.stic fowls, 
whether they be derived from a single oi' smnn’a! wild 
species. i\nd the doves are still better exaniitles. .\ 
turkey and guinea-fowl, on tlie other hand, though they 
have been domesticated for centuries, vai’y luit little from 
their ancestral types. 

There are other definitions. But, you say, if 1 ar*ce[it 
no definition of species what rules do the taxonomists 
have who “make” so many thousands of tlnmi .' We 
nurst have some, and we do have them, even if w(> arc so 
often accused of depending on whim and iinnginatio?!. 
x\nd these are mine: Forms of animals which present dis- 
tinct assemblages of characters, in form, color and ar- 
rangements of parts under natural conditions, which arc* 
recognizable from descriptions and figures, should re- 
ceive distinctive names and be catalogued, provided, of 
course that the assemblage of characters includes all onto- 
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genetic clianges. If, in tlie examination of abundant ma- 
terial from different natural environments, we find these 
cliaracters fairly constant, the forms may properly be 
called species; if not, varieties or races. No perfect spe- 
cific description can be drawn from a single specimen or 
from a few even, and the skill of the taxonomist is eon- 
s])icuously shown in his ability to distinguish between 
variable and fixed characters, between the essential and 
non-essential, in other w-ords, between old and new chai'- 
acters. Some taxonomists— and I know such— remain, 
after many years’ experience, unable to dissociate indi- 
vidual from specific or generic characters; they describe 
species as they would describe the physical features of a 
tree or of a rock — and they are the ones who deseiwe the 
condemnation of other workers. Are such workers con- 
fined exclusively to our branch of biology? 

In nature the interrelated factors, of which environ- 
ment and heredity ai’e the chief, are normally in a state 
of substable equilibrium— variations within given groups 
are within certain fairly definite limits, because the fac- 
tors of variation are. If, however, the cumulation of any 
one factor, either naturally or artificially, occurs, the vari- 
ations become inconstant and the limits of variation are 
changed. The wild pigeon in nature, for instance, is 
governed by fairly constant conditions, and its valuations 
are small. Its domestic varieties, were they existent in 
nature, would not interbreed, and would be good species. 
Breeders, I think, lose sight of such things when they say, 
a.s some do, that they can produce specific characters, that 
is, characters which are deemed of specific value by tax- 
onomists. They can do nothing of the sort. You may 
break down by changed environments and artificial selec- 
tion what would be real specific characters under natural 
selection and natural environment, but you do not make 
species thereby. Time and fixation by heredity, I believe, 
must always be taken into account in determining varietal, 
specific or generic characters. Mutations of (Enothera 
lamarcTiiana were found growing wild by de Vries, es- 
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eaped from some garden. Under cultivation he continued 
to "breed them, and produced others. But his plants were 
all under abnormal environments. Dr. Lutz, whom we 
all know, is doing some exceedingly interesting experi- 
ments upon certain small Sies, Drosophila ampelopMla. 
He has produced some remarkable sports or “muta- 
tions,” and the surprising thing is that he finds that such 
sports breed true, that there is an apparent loss of fer- 
tility between them and the normal fonns. But I think 
it is absolutely certain— and I speak as an entomologist 
fairly familiar with flies— that it would be impossible to 
produce species of his sports, even though they were bred 
for a thousand years. As some of us know, polydactyl 
cats are rather abundant in some parts of Connecticut, 
breeding true— but who believes in a species of six-toed 
cats ! It is rather unfortunate that breeders confine their 
attention almost exclusively to plastic forms, that is, to 
geologically recent types. Let some one try experiments 
with archaic forms and watch the results. 

Experimental breeding and ecology are the two fields 
of biological research which promise most at present; 
they will doubtless contribute not a little to our knowl- 
edge of the methods of evolution, and correct not a fo'w 
errors in taxonomy; but I say, with full deliberation, that 
experimental breeding without a wide knowledge oi' tax- 
onomy will lead to false conclusions and be comparatively 
barren of results. Tlie experimentalist, of all men, must 
be well acquainted with varietal specific ami generic' 
characters in the groups which he studies, or he will Ihj 
working blindly. And I am sorry also to say that some 
of the severest criticisms of taxonomists and taxonomy 
have come from some of these men. . 



SHORTER ^ ARTICLES. AND CORRESPONDENCE ' 

THE INHERIT ANCE OP THE MANNER OF CLASPING 
THE HANDS 

If the liaiids be clasped naturally, most people will put the 
same thomb---Gither that of the right or of the left iiand-— upper- 
most every time. The position assumed apparently lias no rela- 
tion to right- or left-handedness, although, as will he shown, a 
small majority put the right thumb uppermost. Some time ago 
letters were sent out asking for data concerning the manner in 
which the different members of families clasped their hands. 
Among tlie many generous rejAies was one from Professor J. 
Arthur Thomson, of Aberdeen, Scotland, giving data for about 
600 individuals. It was intended that the bands should be 
clasped 'with the fingers of each hand alternating ; but this ■was 
not made as clear as it should have been, and some of the corre- 
spondents clasped their hand with all of the fingers of one hand 
bet%veen the thumb and index finger of the other. This con- 
fusion does not exist in Professor Thomson’s data. Accordingly 
only they are discussed in this note. The accompanying table 
gives a condensed analysis of the data, R and L standing for 
right thninl) uppermost and left thumb uppermost, respectively. 


Pan.-nte. ; i 

i 1 

Male. 

Oflspring. 

1 Female. | 

Total. 


li. I ■ L. 

. j ■ 

1 . K. 

.L, 

R. 

L. 

^R.X;9R. ! 

75 ! 

71 j 23 

9o 

40 1 

166 (72.5%) 

1 63 

^R.X?L- : 

49 j 

S3 1 22 

28 

27 1 

61 (55.5%) 

.i 49.''', 

3'L. X9R. 

sa 1 

46 i 24 

40 

. 40 ! 

86 (57.3%) 

' 64 

li. X 9 b* ! 

so ; 

24 1 29 

2%' 

34 1 

46 (42.2%) 

63 


It is evident that the mode of clasping the hands is inherited. 
It can s{-.areely be acquired by imitation as it is too slight a thing to 
be noted unless attention is called to it. The thumb position is 
usually quite constant in very young children. Ho"wever, it 
does not seem to follow the Mendelian law, as neither position 
breeds true. The data show no significant sexual dimorphism, 
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61 per, cent, of the males having the right uppermost and 58 per 
cent, of the females; 59 per cent, of the parents and GO per Cimt. 
of the offspriiig pu^^ right uppermost, so that thm'e n^jt 
appear to be any reproductive seleetion. The eoi^riie'uait of asso- 
ciation between parents of 0.02 demonstrates the laclc of assorta- 
tive mating. This last conclusion is in sharp contrjist witli tfie 
results eoncerningmther characters in man. 

There are a number of somewhat similar prol>lenis in the beveo* 
animals ■which are of importance in the study of evolution. Thus, 
the males of the common black <5ricket {({rylliis) usiudly koe|) 
the right tegmen over the left. This results in tuie set of sound- 
producing organs being functionless. In the closely reiaterl 
Locnstida:^ there is only one set of sound produeiiig organs and 
the tegminal position is fixed. It would be interesting to know 
if mutations to the other position occur. The iisii Anablaps anab- 
leps has the anal fin modified into an intromittent organ adaided 
for sidewise motion. On about three fifths of the males it can 
move to the right and on about two fifths to tlie left. (Amfju 
Nat., xxix, pp. 1012-1014.) A similar state of affairs f'xisis in 
the females, hut wdth the relative frequencies reversed. (!opn]a- 
tioii is effected hy a right male at the left side <H.' a loft fentah* 
and vice versa. Wliether the species w’iH eventually sjjlii up into 
two on the basis of this character or not would setau to d«‘|»etRl 
on how the anal-fin-twist is inherited. However, if Iho t<*ndon<'.y 
to twist to the right or to the left lie inherited as a cliaraelm* apart 
from sex there would seem t<~) be no chance of twi> varieties or 
species being foianed, as eacli mating is between opp(jNiles. lie* 
reversed position of the nerves in the opli<^ clnasma <6* fishrs was 
found by Larrabee (Proc. dm. Acad Aris Nr/oeas, xlii. 
No, 12) not to l)e inherited. 


Frank K. iu:T/. 



NOTES AND LITEEA.TIIEE 

ICHTHYOLOGY 

Ichthyoiogicai Kotes.— One of tlie most valuable papers on the 
habits oF fishc's is a study in sexual selection by Cora D. Reeves, 
'"On the RrtMMling Habits of the Rainbow BtiTtev {Etheoston 

]\liss Rt!(wes, a ^Tadiiate student of Professor Reighard in the 
Pniversity of iMichigan, has carefully watched the breeding 
habits of this dwarf perch, a species in which the males are 
most brilliantly marked with blue and scarlet. 

It appears that the females do not select the brilliant males, 
that the oldest and strongest males are most brilliant, that the 
males know the females only by their color, that they mistake 
young uncolored males for females, and that the bright-eolored 
males frighten away the younger ones by the display of their 
gaudy fms and by blows of the tail or head. The brilliant 
males -were sucessful in pairing in 60 i)er cent, of the observed, 
eases. The sexes as usual in vertebrates are equal in number, and 
the blue and scarlet colors belong to the males alone, these being 
iiKjst brilliant at the beginning of the season — about April first. 

These observations give no support to the theory that the 
females choose the gaudy males. It appears however that the 
most ])riniant males are the oldest and strongest, and that they 
leave most descendants. This form of the theory of sexual selec- 
tion would seem to he applicable to bright-eolored fishes gen- 
erally. ' 

Mr. E. W, Gudger- shows that the hammer-head shark 
(SpJnjNia zijgcmia) feeds on sting-rays and that the mouth and 
]}ody of tile shark are often full of broken-off stings, 50 of these 
])eing extracted from a single shark 12-1 feet in length from 
Beaiif«.)rl; harbor. 

I\rR. Herbert W. Rand ® discusses the fiinetions of the spiracle 
of the skate, one of these besides the usual function of respira- 
tion is to keex> clean by a jet of ’water. 

Bioloffical BuUetAn, XIY, 1907. 

-svicncc, xxY, p. 

^ Amer, Nat., XLI, p. 288. 
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Mr. Charles R, Stockard^ describes- tlie development of the 
:,egg’s of : the ddllifivsli (Funduhis Iieteroditus) in a soiiiticm; of 
. mRgmesiurn.' chloride. 

In this finid the young fishes develop) as on(M‘y(Ml numsho’s. 
the two eyes coalescing into a single median eye. This t*y<* has 
a single lens. A mixture of sea-water with tiiis sohitum gives 
the same effect. The influence of the inagnesinrn salt is there- 
fore supposed to cause the strange development of the eyes. 

In the Proceedings of the IT. S. Nat. Mns., XXXI IF, 4o]*dan 
and Herre describe the eirrhitoid fishes of Ja])an, dcsmllfuig one 
new geiins, Isobuna. 

In the same proceedings, Jordan and Eichardson describe a' 
new killifish, 'brown% from a hot spring in I^ower Cali- 

fornia. 

In the- same proceedings, -Eigenmann & Cole record the species 
of South American Characin fiishes in the National Museum and 
in the Musenm of Indiana University, with numerous plates 
and descriptions of iie^v species. 

In the same proceedings Professor Edwin Linton describes 
the worms parasitic on fislies of Bermuda. 

In Bureau of Fisheries Document No. 627, i^Ir. F. IM. Lham- 
beiiain records his observations on the salmon iuid trcmt of 
Alaska. 

Among other matters of interest it is noted that a mal^rily 
of the young red salmon spend their first winter in Urn lalo^s. 
while the other species leave early for the sea. It is long knnwii 
that the red j^ilmon never enter a stn^am lhn.1 has m^t a lake 
in its course and that they always spawn in sfreauis aljow? a 
lake. The otlier four species of Alaska salmon have no speriai 
relation to lakes. 

IMr. Cham])erlain ’s observations do not confirm tlie ''•hnmimg 
theory.’^ '^Farked salmon fry from the Naha, ILvcr apptcin‘d 
as adults at Yes Bay. Most of the fishes howtuan* to 

return to the parent stream, from. which they |u*obably iiewr 
wander very far. 

Pour years is shown to be- the usual age of inalurity of king 
salmon and red salmon, while the humpback is prr'hably adult 
at an earlier period. 

^ Eniwiclimigs MeclUf ZXIII, p. 240, 
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Mv. Ciiainberiain’s paper contains many valnaHe facts in 
relation to the life of salmon, the frnit of nearly four years 
ohseryation in southern Alaska. 

I.N the Proceedings of the Biological Society of Washington 
(XX, 1907) Evermami and Goldsborough give a check list of 
the fresh-water fishes of Canada. 145 species are recorded, with 
a complete list of localities. 

In the Proceedings of the same society (XXI, 1908), Dr. 
Evormann describes two new fishes {Fundulus meeM and Salmo 
nelsoni) from streams in lower California. The last-named, an 
isolated troutlet from Mount San Pedro Martir, is especially 
interesting' as occurring farther to the southward than any 
other knowui trout. It is apparently an offshoot of the rain- 
bow" timit of California, /SaZmo meZates. 

In the same Proceedings (XXI, 1908) Jordan and Grinneli 
describe another isolated dwarf waif among the trouts, as 
Salmo evermanni. This troutlet occurs on the headwaters of the 
Santa Ana Eiver, on Mt. San Gorgonio, in San Bernardino Co., 
Califoxmia. It is shut off from the parent form, Salmo irideiis, 
by a waterfall, and in isolation it has iindergone considerable 
change. Its origin is parallel with that of the three species 
of golden trout of the high Sierras. Salmo evermanni, living 
on gray granite, is dull in color with none of the scarlet shades 
of the golden trout. 

In the same eonnection Jordan and Snyder describe and figure 
the great Kamloops trout from Lake Kootenay in British Co- 
lnml)ia. The specimen figured, sent by John P. Babcock, Pish 
Commissioner of British Columbia, weighed 22 pounds. This 
species is an offshoot of the steelhead trout, Salmo rmdaris. 

In the Bulletin of the Bureau of Fisheries, XXY, for 1906 
(October 25, 1907), Jordan and Snyder record a number of 
inwy species from Hawmi, with several plates, four of them in 
color. The new species are Garanx dasson, Ariomnitis ever- 
nunuii, Boosevellia aloha, Thalassoma neanis and Scarklea a'erosa. 

The advent of Japanese fishermen in Hawaii has caused many 
very rare deep-water fishes to be common in the markets; among 
these is the type species, EooseveUia Imghami, of the genus 
named for the naturalist Theodore Roosevelt. This species, 
s^nirlet and gold, is one of the most brilliant in Hatvaiian ivaters. 
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, , In tlie, same Ihillein^ Dr. M. X. . Siilli van .discusses iii detail 
tlie digestive tract in sharks. 

In the . same BiiUetin {Y XXVI, 1907 )■, .l^vermarui and 
GoidsborGiigh give a catalogue of the Fisims of Alaska, wdli 
many plates, based primarily on the collections made \\y i\w‘ 
Albatross in 1903, under the direction of Jo]*< Ian and Evermanii. 
The following new species are described and 1igin‘e<l: 

RoliMotrema deam Blennicnltus clarkl 

Sehastodes swtffd Pli-dh (ji III 

Icdinus hurchami Lnmprniis 

Coitus ehamherlaini Lpoodcs jorthnn' 

]\Iany corrections in synonymy are made*. One of tliese the 
present writer does not accept. He believes that the two large 
rays of Monterey Baj, Baja sietkilata and Baja rhhuL aiv both 
distinct from Baja hmoculata and from each otluu’. Idle authors 
have overlooked Bnjostemma tarsodes described from Alaska by 
Jordan and Snyder. A 

This paper is a most useful one to students of j\laskaii fiKlies. 

In the Journal of the Imperial Fisheries Dnrran of Jafcuu 
Dr. K. Kishinouye describes the natural history of tim sardine 
of Japan (Sardinella melauosfivta) ami tlie related 

For some unexplained reason, he unites the Parific herring 
Glupea pallasi witli the Atlantic Olupra harenijus, Xew spe- 
cies of sardine are described under the names of (lajtta un- 
macuiaia^ Clapea okinatvensis and Clupta uU^un, Tla-se h(h>ng 
to Sardinella, and the last two are from tlie Ttiu-K'iu Islands. 
A new anchovy is described as Ei}fjra}iIJs This 

should belong to the modern genus Anchovia.,. Iming very dif- 
ferent from En (/raid is japonieus. 

In the Journal of the College of Science, of tie* Imperial 
University of Tokyo (XXI, 1907), Professor H. llalta of Sap- 
poro describes the gastrulation of the embryo of the lanpjrcy. 

In the Proc, Zool. Soc,, London (1900), Ih’ofessor BasIdVu'd 
Dean has notes on living speeimens of the Australian lunc-lish 
(Neoecratodus forsteri). Its movements are notably those of an 
amphil)ian rather than a fish. 

In the Annals of the Museum of Natal, Mr. C. Tate I{r\gari 
describes new species from that coast. ^ A species of remarkable 
interest is a new saw-shark, Plioirmm tmirrmiL witli six gilbslits. 
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In tho ArnHiJs of the Museum. of Vienna, XXI, 1906, Dr. 
Yilctor Picl:seln,nariii has a valuable record of the fishes collected 
i n a voya^ue to Feel and, and another to Morocco. 

In Records of the Aiistral ran Museum, VI, 1907, Allan R. 
5r(4’nljoc]i describes the fishes and crustaceans taken by the 
Woy 'Woy, in <leep waters of the Tasman Sea. The most notable 
of the ntnv species is the sculpin-like fish, EoplMd'hys has^w 

In the Journal of the Limiman Society of London,, Mr. A. D. 
Darbishire describes the water current in the spiracle of sharks. 

In the SHzber, of the same museum, Viemia, VoL 116, 1907, 
Dr. Viktor Pietschmann describes new sharks from Japan, Gen- 
tropJiorus sleiiulachneri md fronMniaciilatus. 

The last species was also taken by Jordan and Snyder in 
Salami Bay, in company with Etmopterns lucifer. It is one 
of the smallest of sharks, black, with a milk-white spot on the 
top of the head. 

In the Proc. Zool. Soc,^ Imidon (1907), Mr. Began redescrilres 
Velifer hypsdopterus^ a Jax>anese species not seen in the last 
fifty years, from three specimens in the British Museum. A 
second species from northern Australia is described as Velifer 
rnultiradiatus. 

In another [)aper Mr. Began brings together the aberrant 
mmenu, Lam|)ris, Velifer, Trachypteriis and Lophotes, framing 
of these a new suborder AUotriocjnathi, These fishes, like the 
Berycoids have an orbitosphenoid, but no mesoeoraeoid bone. 

l\rr. Ei*gan thinks that these fishes are derived from the bery- 
t'oids, and the latter from forms like the extinct Ctenothrissa and 
Pseudohrr]f:i\ These observations of Mr. Regan are very inter- 
^:^sting: and his conclusions seem reasonable. He notes that 
Bemioph< »riis is allied to Platax and not to Lamxiris. 

In * AVissenscliaftliche Ergebnisse einer Zoologisclien Expedi- 
tion nach dem Baikal-See” (1907), Dr. Leo Berg discusses the 
sciilpin-iike fishevS of Lake Baikal, the Cottiday Cottoeomephorida} 
and C5miepiiorid‘ce, The excellent monograph is preceded by a 
ciivcinl account, fortunately in German not Russian, of the 
(isteok^gy of these fishes-. Of , the 34 species of fishes found in 
Lake Baikal 17 are endemic, or developed in the lake, not occur- 
ring elsewhere. Of these, two genera, Cornephorus and Cotto- 
comephorris, mdi constitutes a distinct family. Other genera 
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'peculiar to this, lake are' Abvssocottus, Cottiiiella, Liiuiioeotiiis, 
Proeottiis, Batrachocottus aucl Asprocottiis, llic fauna de- 
scribed in this paper is one of peculiar interest* 

' ■ In another' papeiM^^^ t\e Anmimre de VAe(i(hmir dr Si. 
Eetershourg, XI, 1906-™nnfortunateb- entirely in liussian ?ilr. 
Berg diseiisses the Old World species of minnows ni Bn* ueuns 
Phoxiruis. 

In the same Anmiaire, vol. XII, 1907, iMr. Berg Inads in 
Russian and in Engiish, the fresh-wuiter fishes of Con‘a, The 
genus Longurio of Jordan and Starks is united by llrru: to 
Saurogobio of Bleeker,and Fiisaniawitli Aphyocypris of riiinther. 
In another paper Mr. Berg discusses Siberian species of Rliodeiis. 

In the ‘^^Fanna Mr. C. T. Regan continues 

his account of the fishes of Mexico and Central America. J ar?- 
iirus meeki is described from Chihuahua, Moxodomn moMndiv 
from Jalisco, Jllgansea afmis from Rio Lerma, Algamea stkpm- 
tura from Rio Grande de Santiago. Several species recognized 
by other authors arc placed in synonymy. lo some cases this 
process exchanges one doubtful opinion for aiiothm*. 

In Fopular Science MontJdg, LXXI, Jarnia ry, 1908, T)r, 
Jordan describes "'‘The Grayling at Caribou. Cro.ssing,*' a rtni- 
ning descriptive account of the Ibikon country, witli a dasli of 
angling. 

In '■Science, XXVI, 1907, Dr. Bashford l’)ea?i rcvim\"s Dr. 
Eastman’s recent papers on the ‘‘Kinship of the. Arliirodires/’ 
Dr. Eastman claims that these mailed fishes are Dipnoarm and 
to this conclusion Dr. Dean enters a ‘Mriondly protest.’’ 

In the American Journal of Anaiomif, Ylf, 11)07, Dr. Dt^an 
discusses the structure and origin of the Acanihodian sharks, 
one of the most primitive of the extinct forms. Their rclaJ ion- 
ships are with Cladoselachc, a form having fijis lA ihr fiudV)!!! 
type, and pTol)abIy the most primitive of known sharks, 

In Archives de Zoologie Experimentale, Y'fl, 1007, Dr. lioiiis 
Page describes the fishes of the Balearic Hands, with several 
new species. The paper can be especially praised for its niton- 
tion to laws of nomenclature, as also for the acciirai^y and full- 
ness of its accounts of the new forms, ' Two specifies are redVrred 
to the genus Eleotris, a- group 'not hitherto ivHcordecI from 
Europe. ^ Neither of the; species, however, belongs to Elvofris 
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proper. Eleolru pruvoti is an ally of Valericiennea and Eleotris 
iHilearicci approaches Gynineleotris. 

T>k. jAC(p;ES Fellegrin publishes in the '/Mission Scien- 
tifiquc/’ 1907, an>.aeconnt of the fishes of the high 
lakes of Son. til America. 

Tk a weekly Journal, the Sydney ATail, Air. Charles Thackeray 
gives a n^adahle and accurate account of the game fishes of 
New Soutli 'Wales, with wood cuts of the leading species. 

ECHINODERAIATA 

The Stalked Crinoids of the Siboga Expedition^ — There has 
recently been published a monograph on the recent stalked 
crinoids of tiie blast Indies, based on collections made by the 
Siboga which is the first important contribution to our knowl- 
edge of the group since the jmblication of Dr. F. Herbert Car- 
penter’s great work (the report) in 1884. 

The first thing to attract the attention of the student of the 
recent crinoids is the announcement of the discovery of the infra- 
basals in a species of Metacrinus, Jf. acutus^ a new species here 
first described. Dr. Carpenter stoutly maintained that infra- 
basals did not occur in any species of recent crinoid, and he 
criticized rather sharply the so-called law of Waehsmuth and 
Springer, by the application of which the recent genera Iso- 
eririus and "ATetacrinus were shown to be dicyclic. He dissected 
numerous specimens of various species of both genera, and ac- 
('ording to his statements and figures, appeared to conclusively 
prov(3 their absence. In 1894 the Swiss paleontologist de Loriol 
diseov<wed and figured infrabasals in a fossil species of Isocrinus, 
<ind now Professor Dddeiiein shows their presence in Aletacrinus. 
lljis discovery hy Dr. Doderlein was made simultaneously by the 
])resent reviewer in two other species of Aletacrinus and in Iso~ 
erinufi cleeorvs and announced in a paper now in press, which 
had gone through the final proof before Dr. Doderlein ’s contribu- 
rion was received. In this the infrabasals of Metacrmus rotundvs 
from Japan and of M. BuiMrbiis from the China Sea, and of Iso- 
cruius dc corns from Cuba are described and figured. 

niUc Gestiolten Crmoiden der I Siboga-expedition | von | L. Doderlein. | 
’M»/uogra]diie XLITa ans j Uitkomsten op Zoologisdi, j Bofcaniseli, Oceano- 
grnphiseh on CH^ologisch .gebied. ! verzam in Xederlaudseli Oost-Indie 
ISOO-IDOO I aaii boord H. M. Biboga onder commando van | Lnitenant ter 
P‘ Kl. G. F. TydeiiiaB ] uitgegeven door | I>t. Max Weber. 
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The &iboga dredged stalked erinoids at sev(‘nteen skiliotis. in 
all more than sixty speeiiBens representing* lljirtinni speei<*s atid 
two additional varieties. Three of these spe(des are relerri‘<l to 
Bathycriniist one to EhizocrinnSj two to Isofomui^, and tlie Vf>~ 
mainder to Metaern^^ the spt^eies of Khizcxo'inns drede’<'d 

by the YaMivia off Soinaliiand and recorded In* (Inin in lIHdn is 
jiieluded in the report, and figured undoi' the name of IL rhuni 

The species referred to the first two genera are of v«‘ry i^xcep- 
tional interest, apart from the fact that mother genus has Ihhui 
recorded from the East Indian region; while the lihizot'rinus 
(ii. weheri n. sp.) is related to E. raiv,sonii of the* iropii'al At- 
lantic, the three Bathycrinus are in thidr cluiraiders qnilo unlike 
an.ything previously known; in the first place, they are all v^ry 
small, one species, B. pooidicm, beingm 8 mm. in folal lenitilu 
while none of the others exceeds 35 mm. ; l)iit. most rmnarkabfe 
of all, they unite the characters of Bathycrinus and Hhizr^erinus 
so completely as to leave scarcely any grounds fo!* eoiisidering 
them as distinct genera. This discovery was not news ft) the 
pi'esent reviewer; for the day after the re('ei])t of Dr. Dthh-rloiirs 
work, his own description of two intermediate s|M*tnes, lUEha- 
crlnus eqnatorial'is and B. caribheus was i^ulilished. Khizruudnus 
(ineludirig, as we now apparently must, Ihathyerinus) t-untains 
at the present writing fifteen d^^scrihed s[HX‘ios, of wlrn fi 
have been made known during the pant gear, and fhnr- nr/ s/ r- 
oral additional ^ipecies noiv hi pms*.s*; it is very evident that our 
knowledge of even tins comparatively old genus is still oxirtmitdy 
rudimentary. Dr. DoderieiiDs inleresting remaihs on tie* ‘<ho<l- 
ding of the arms in Ehizocrinns — Bathycrinus 1 sliall /xmsithu* 
in detail later. 

Isoerinus narciiianufi, first found by the iUut'Uniger, was r«*dis- 
covered by the Hiboga off the northeni end of (k^lehvs. having 
been previously known only from the Kermadee and the Alonnuis 
Islands, and from Fiji, and a new species, /. sihofpi, was dis- 
covered near Timor. This last belongs to the group of flie geuiis 
in Vhich the costals and division series consist of twf) joints, 
bound by syzygy, including such species as I, wifvilteAhomsani, 
L parrw (of Chierin 1835===:/* milUerl of Oersted 1855 of vdiieli 
L mmlearaniis is merely a variety) and I. alternkirnhs, to l!ic* 
last of which L sibogm is most nearly related, though if |> 0 Hsesses 
the normal arrangement of the cirri. The fornt mmliamnuii, by 
the xvay, did not come from the southwest Atlantii^ as stalixl by 
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Dr. I )4.Hi<‘rh‘i n, |>nt trorn the west central Atlantic ; iii,o'reovei\ it 
ivMs lirsi 1*11)0(1 by Wyville Thomson, and not by Carpenter ; , 
also /. irfiriiif AJioin.soni was .first described by Wyville-Thoiiison, 
.bih’is-is nuoitiijn of the name tx^ing in both eases a pure 

ecd l.i'iil, 

} lie fli^ioission of A'Itta(unnus is appropriately begun with an 
ain't. mil ni Uo‘ itilrabasals of JL ac lit us, whieh. are compared to 
(0 M tU i ni'rmus ptdijddelijhis. Then follow paragraphs on 
HfH't'ifir ediara(‘l(‘rs of Uu* genus found in the calyx, the arms, 
ajol tie* slmii. whi(*!i last is ])(^lieved to furnish the most reliable 
obaraitfU’s. \]i this (xuu^iusion I heartily concur. The stems are 
at som(‘ brngllg and there is an interesting account of 
sloiii uruw tip a. snhji^ct whmli I shall discuss at some length 
fh*. ihahulein Ixtieves that, when living on the sea- 
bolioin. thi‘ sfx*(*ies ol Aletaerinus have very long stems, wdnch are 
r^iadhy (nilangbxl one with another, forming a sort of mesh- 
wo»rk. from wfucii the younger part of the stem and the crowns 
slain! : in (dher words, that the individuals form a sort of 
erimad ^Hnny, tin* crowns arising from a maze of stems, and he 
add!ic<*H coiisideralth* strong evidence in support of this view. It 
will iufi'rcst him 1o know that I have additiimal evidence pointing 
to iho same ofmclusion. " - 

Tii»' spfM'ii^s uf "Metacrinus obtained by the Siboga all fall into 
tbai diviyiun of Iho mums in which there are ^'five radials,’^ 
Iwii of Wfihdi an^ unitful by syzy gy ; three new species, Jf. acutus^ 
J/. am! J/. sulufusis, and a new variety, ill. nohiUs 

i intto’i uro described, while that somewhat unhappy -word 
is umuI to dtuioti‘ the typical forms ot AL nobilis and ilf. 
supf rhus, ,1/. fh'uius corners from the Ki Islands, and IM. ser rat us 
ami 1/. suluf were found in the Sulu Areliipelago. M. nohilis 
n> its name indicates, occurs mum Timor. M. cingu- 
/e/bf... previously known from the Ki Islands and the Arafura 
Sra, WON li'ediscuverrui at the Ki Islands and at Timor; JZ. vari- 
ahs, from tlic Kermadec and Meangis Islands, ivas found 
at Timm*, tim Ki Islands, and in the Sulu Archipelago; 
ami a varietal funnamcd) form of If. snperbus was eol- 
leel cd al Ilk* Ki Islands. IVetacrhus nohilis is divided into 
fhrce varieties, fgpiea, mmragi and timorensis^ with somewhat 
uiifmlufiate iiomeiichtiorial results; for the specific name murrayi 
of ihriHUitcr has precedence over nobiUs of the same aitthor, 
Expressing llmse imnies as trinomials, we have Metacrinns mur- 
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rayi' muTTuyiy AL ymnyayi and Jf. murrmji' ih}iortn4<is^ 

the not representing the typical forni at all. Iletiierinus 

'miirmp- (to ,, speak, with noinenclatorial accuracy), previoii.siy 
known from the Ki Islands and Arafura Sea, was again iuund 
at the Ei Islands, and also at Timor. 

Perhaps it is wisest to do as Dr. Dodeiiein has done ami rni^og- 
iiize by name the various geographical variations oi; tin* 
crinus vspeeies, but it certainly conjures wp n terrible vista, of 
possibilities, for it is difficult to imagine more variable organisms 
than the species of this genus, according to my I 

have examined some additional varieties of .¥. superb as from 
Japan, and a bewildering, though .small, series of J/. diiguJatus 
from the same locality/ some of which fall into the groiif^ witb 
‘'five radials,’’’ and others into that with eight to twelvo, while 
i¥. rotundusy also falling into both groups, is even more variable; 
and it seems to me that if vre once get a good start on the tri- 
nomial system in any branch of the recent eriiioidea, witli the. 
continuance of the present activity in the field, it will not be 
long befoi’e each genus will require a specialist for its eluc?ii]atioii. 

Dr. Doderlein is to be congTatulated on the results of bis 
study of the Sihoga colleetion, and the production of a vob 
ume which will long stand as the authoritative work on tin* 
stalked erinoicls of the East Indian seas, and whi<di not only 
treats of the stalked crinoids systematically as a class. Ivid sug- 
gests many interesting new lines of investigation, and boars 
throughout the stamp of one who not only has an exliauNtive 
knowledge of the group under consideration, Init of maisy differ- 
ent forms of animal life as well 

Aijstix HoisAErr Pr.AHK. 

, IT. S. ,BtJREAlJ OF PlSHEEIES.*-’' ■ 


ANIMAL PATHOLOGY 

Trypanosome Diseases — Recent investigations which liav*'* been 
carried out in foreign laboratories with the object of ascm*- 
taining the mode of cure for sleeping sickness, and other try- 
l>anosome diseases have resulted in demonstrating ('to, lain ft-n- 
tures in the biological conduct of these protozoa towards c]i<airaad 
stimuli which are of extreme interest. Thus Ijir unly ihnM* 

» Published with the permission of the Commissioner ivf Fish und 
Fisheries. 
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.groups of clieiiiicals have been discovered 'which are efficient in ' 
the treatment of trypanosome infections. .They are: (a) ben.zi- ■ 
din dyes, (b) basic triphenyhmethane dyes and (c) arsenical 
eoHipoiinds. In exx>erimental animals complete cure has appar- 
ently been effected by maximum doses of these compounds. “With 
lesser doses and x>rolonged treatment the parasites may disappear 
from the 1)1 ood for a time, but later on make their appearance 
again. Those which recur have undergone a |)ronounced change 
in their biological characters and constitute a strain resistant to 
the therapeutic agent employed. Such a strain manifests chemo- 
resistanee of a specific character towards the particular sub- 
stance used to develop , it and an increased resistance towards 
other compounds of the same group. On the other hand, the 
development of resistance towards one group causes no increase 
whatever in the resistance towards other groups. By continued 
experiments, however, a strain has been produced manifesting a 
triple resistance, specific towards each of substances employed. 

Chemo-resistance, onee acquired, persists unchanged while the 
resistant trypanosomes are passed through normal animals even 
for one hundred and forty transfers extending over fourteen 
months. This has been cited as strong evidence of the trans- 
mission of acquired characters. The specificity of the resistance 
is very striking. After an experimental animal has been inocu- 
lated with a mixture of two resistant strains and is then treated 
with a suhstanee towaixls which one of the elements is resistant, 
the other element will disappear from the blood, but the resistant 
strain will remain and develop unchecked. Indeed, the two 
strain>s remain separate and capable of isolation after repeated 
passages through infected animals. Or, in other words, a strain 
with double resistance or with modified, resistance does not arise 
as the result of infection with a mixture of two resistant strains. 

. Henry B. Ward, 

ANIMAL BEHAYIOR 

Beceiit Work on the Behavior of Higher Animals. — There exist 
lo-da}’' two main centers for the strictly scientific and experi- 
mental stiuby of the behavior of the higher animals. One is 
at Haiward, led by Yerkes, the other at Chicago, under Watson, 
Excellent work appears at times from other quarters, hut it can 
usually be traced to the influence of one of the two men named. 
There is a third independent center for such work at Clark 
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Uilivel^s 5 ity lacking the singie-miiided ieadei'sliip of Hie oilu.^r 
two, the attack on the problems has there been Jess and 

efteetim ',/rhorndike, whose, work some years ago gav(* such 
impetus to the whole subjeet, has unfortunately hern di'awn into 
other work, or we should doubtless have another most eitVf-live 
center for such investigations. Outside of tlie rnited Slates 
the scientific study of the behavior of the liigli^r animals is a, 
negligible quantity, compared with what ('oint*s from Hie iamlers 
named. The active French movement in eoni[)ara.liwi psy- 
chology, imder the infiuence of Bohn, Pieron and otln.vrs, has 
been thus far limited mainly to the invertebrates. 

At the laboratories we have named the work on animals is 
carried on by the aid of such accurate appliances and :metho<ls 
as have long been developed for the investigation oi‘ the physio- 
logical psychology of man, with ingenious modifications ainl ad- 
ditions as required by the peculiarities of the subjeet. This 
gives the work an almost uniquely pre<dse and stientifie. char- 
acter, as compared with most othei* studies hi animal l>ehavior. 
IMost other workers have been compelled to content tliemselves 
with apparatus, observations and experiments of a more *Hiome- 
made’^ character. The two leaders, one by traininv a zooireju'st 
and psychologist, the other a physiologist and ps^velmlogist, Imve 
been de%\iting themselves largely to t*ats and mice of Iatt\ while 
followers have made side excursions into the terrltoiu' f»f e;ds, 
dogs and raccoons. It is necessary to (mnceidrati* Hn‘ a,1la*'k 
somewhere, and for the present the ra,ts and mice are bearintr the 
brunt. We shall pass in review the recent <‘.ontrii)iitions fi'om 
the centers named, limiting ourselves at present In work in- 
fluenced from Harvaixi 

Prom Harvard we have first the elaborate study of the dan- 
cing mouse, by T)r. Yerkes.^ Perhaprs the most striking H'afiire 
of this wmrk lies in the elegant and fertile methods devised Ivv 
the author, ajid of course in the results attained hy iliese 
methods. The main method consists in a sort of ‘Himly or the 
Tiger alternative presented to the unsuspecting mouse. He 
is invited to enter one of two doors; one leads to an (‘leefric 
shock, the other to freedom and food. The fateful pantals an* 
marked with signs of various sorts, — cards of tiifIVnmt slia|>es. 
markings, color, brightness, odor, etc. The 'HdghP' and 'Sviung’' 
doors can be alternated at the will of the experimenter, as csiii 

^Yerkes, R. M* Tbe Damdng Moase, a Btiiclj In Atismal BcliJivior. 
Tlie Animal Beliavior Series, Tot I, 290 pages. Tim Maciaiilfui 1907. 
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file; sigiis. . ;Tlie ;ffioii,se in repeated-, experiments tries at first the 
simple plan ' of retiirnmg to the' right or left door ' according' 
as lie has found that to be correct. When he finds that the 
co3‘reet portal is being alternated, he quickly learns to alternate 
in liis choices. But when he finds that there is no regularity in 
tlie alternations, he begins to pay careful attention to the signs 
]:)osled about the portal; ‘‘to run from one to the other, poking 
its head into each and peering about cautiously, touching the 
cardboardvS at the entrances, apparently smelling of them, and 
in every way attempting to determine which box could be 
entered safely,’^ Often the mouse runs from one portal to the 
other twenty times or more, before deciding which to enter. 
Now, it is in this state of uncertainty and concern that the 
mouse is ready to give interesting results in animal education 
and in sense physiology. He uses all his senses to the best of 
his al)iiity in determining which is the “right’’ door to enter, 
so there is opportunity, which Dr. Yerkes has skilfully used, 
to test his senses, and at the same time to study his ability to 
learn. When the two portals are indicated, the “right” one 
by a light card, the “wrong” one by a dark card, the mouse 
learns to choose the correct card. If for both cards are substi- 
tuted others that are of deeper shade, but have a similar relative 
brightness, the mouse continues to choose the one of lighter 
shade. lie has learned, not that a particular card, or a i)artie- 
uhir shade, is the right one, but that the lighter of the two is the 
one to choose ; he often runs back and forth many times, seeming 
to {‘ompare them carefully. By accurately grading the difference 
in ]n*iglitness ])etween the two portals, it was possible to deter- 
mine just what differences the mice could discriminate, giving 
an opportrinitg for work on Weber’s law. The mice rapidly 
learned io discriminate finer and finer shades of difference. A 
nertaio moose, in a first series of experiments, could discriminate 
only when the difference in brightness was practically half the 
greater brightness. In a later series he could discriminate when 
diiTert.mee was hut one fifth and, after much more practise, 
when the difference was only one tenth. Such educability at 
carried confusion into the data designed to test Weber’s 
law. When it was finally taken into account, the law "was found 
to liolii 

In a similar way Yerkes made extensive studies of color vision 
in rim mouse. He found that apparently they do not see colors, 
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least, not, as we do; that most of their apparent diserimiria- 
. tioii.of color is due to ' differences.' in brightness; and that the 
, ■ brightness' of different colors is .not .the same for them as for. 
, ourselTes. ■ . ■ - 

It is extraordinary that the mice were unable to disi-riminate 
the portals by different shapes of cards or of lights. Tiny 
showed Jio power of distingiiishing foiins. ^ 

We have given some samples of Yerkes’ methods and resiilts; 
many other matters of equal or greater interest were- studied, 
by varied methods, iiacluding the classic one oi* using lahyriidhs. 
The author’s experiences are set forth in interesting chaplt*rs 
on educability, methods of learning, the efficiency of different 
methods of training, the duration of habits, the revival of. lost 
habits, individual differences in behavior, and the lilce. WTieu 
it comes to responding to experimentation, the (lancing mouse 
is, as its name indicates, rather an artistic than a stricdly utili- 
tarian animal, giving a delightful variation from those oillnodox 
creatures whose main desire is to ‘^get there,” so that results 
I are not readily exj>ressed correctly in terms of uiinntcs iwpnred 

and space passed over. ^']\Iost mammals whicli have l)eon 
experimentally studied have proved iheir eagerness aiid ability 
to learn the shortest, (piickest, a,nd simplest rtmte to focnl with- 
out the ad(Iitio]ial spur of pnnishimmt for warideriiig With 
the dancer it is different. Tt is content to l)e moving; uhetlier 
the movement carries it directly to the fo(a.h'hox is of secondary 
importamte. On its way to the food-box, no inatter whellicr Ihe 
box be slightly or strikingly different from its eoiripariM^^^ 
the dancer may go In’" way of the wrong box, may take fe 
turns, cut some hgure-eights, or even si>in like a lop for a, tew 
seconds almost witliin vibrissa-r(?a,ch of the food-box, and all 
this^even though it be very hungry.” 

In addition to the strictly experimcmtal work, Y(‘rki'S o'ives 
a full account of the peeuliax* ^^daneing” movena.mfs ifmt have 
given the animal its name; a sketch of what we know of its 
history, and an extensive diBCUSsion of the dLsf>ut(‘cl (jiieslioii 
as to whether its ears are defective and wheiijer it is deaf. 
Yerlccs eonehides that it can hear only for a few days, wfien 
about two wmeks old. 

Altogether, Dr. Yerkes^ book is one of the most alirmdivc 
as well as one of the most valuable of tlie strictly scieotifie 
studies of animal behavior. It -would be venturing out of the 
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'AtrMly but one - wishes that the author might give ' 

us au i magi uative picture' of "what life and the ixniverse 'may be 
in the consciousness of this little creature, that does not hear, 
sees Jittle or nothing of colors, can’t distingoish a square box 
from a round one nor a circular card from a triangular one, 
finis impelhai to ''cut figure eights and spin like a top” on its 
way to a disli of food, and learns many things rapidly and 
well. Possibly sucli an unscientific picture could be appended 
to the really scientific account witliout injury to the latter! 
Dr. Yerkes is still studying the dancing mouse, and may some 
time feel prepared to give us such a picture. 

Or perhaps we must look for such picturevS to the second 
volume of the Animal Behavior Series, of which this is the 
■first! The second one, just announced, is a volume on "The 
Animal Mind,” by Margaret Washburn. The Series, edited 
by Dr. Yerkes, promises to be of the greatest value. 

A. matter that has been most in need of study is the part 
played by imitation in the behavior of higher animals. Tears 
ago imitation was the favorite refuge of those who wished to 
explain the remarkable actions of animals without attributing 
to them higher intellectual powers. When Tabby pressed the 
latch and walked out the door, that was because she had seen 
some one do it. Then came Thorndike, and changed all that. 
To give imitation in place of reason as an explanation, says 
Thorndike, is to substitute one false explanation for another. 
In studying cats and monkeys, Thorndike saw no signs of imita- 
tion eitlier of one another or of man. And most later investiga- 
tors have agreed that imitation plays little part in the behawior 
of animals, at least in comparison with what had been supposed. 
Even the monkey, we are told, rarely imitates man or other 
monkeys. Direct, unrefiective imitation of simple soun^ls or 
movements — the performance of an act merely because a com- 
panion bas performed it,- without reference to results — ^is less 
mm, though likewise not so common, as had been supposed. But 
the imitation of an act because tha,t act accomplished a certain 
result, and in order to accomplish the same result — ^this was 
iH}t found, though this is the Idnd of imitation assumed in cur- 
rent exi>lanations to be common. The extensive experiments of 
IIobl'Kiuse;”’ evidently undertaken with the expectation of find- 
ing imitation playing a part, are striking as an example of how 
"Mind ill Evolution, Chapter- YIII. „ , , 
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little, it is possible to find, and how nneertain is A\'liat is foriiid, 
even with the best of will. Kiniiamaip Siiiali and otliers had 
iiieidentallv seen a few examples of real imitation. Wt* liave 
now from the Harvard laboratoind two caarefu stmlies of this 
matter by Berry,^ with results that are most interesting, rn 
Berry’s rats and cats we find imitation as it were in the makiiin. 
Our conception of imitation, and of its different kinds, loses its 
sharp lines and angles and becomes indefinite. When om^ kimws 
how to escape or get food and another does riot, the animals 
do not set to work to imitate each other’s actions in the clear- 
cut way we are apt to think of as imitation. But the one that 
doesn’t “know how” does after some time begin to pay aitmi- 
tion to his comrade’s actions, and theii in an indefinite way to 
do something of the same sort himself. found that ’when 

two rats were put into the box togethei*, one rat being trained 
to get out of the box, and the other untrained, at first they were 
indifferent to each other’s presence, hut as the nntraiim<i i*at 
observed that the other was able to get out, while he was 
a gradual change took place. The untrained rat began 1o watch 
the other’s movements closely; he followed him ail about the 
cage, standing up on his hind legs beside him at the vStriug, 
and piilling it after he had pulled it, etc. We also saw that 
when he was put back the immediate vicinity of the loo|'> was 
the point of greatest interest for him, and that he triod get 
out by working at the spot wliere lie liad seen the traine<| rat 
try.”** In cats similar and more marked eases of imitaiion 
were found and analyzed. 

Berry’s work is tlie first really scientific study of imitation in 
animals that wo have had, and it shows, as so commonly happens 
\dien a thorough study is made, that we can not make extreme 
statements, whether positive or negative. Imitatioii is hamd: 
even “retiective imitaiion,” but it is not jyream^:, we eau often 
hardly be certain wlicther it nv imitation; and where it is 
more pivmouneed it is diffieult to distinguish imitation for tho 
mere sake of doing what a companion does, from imitation for 
pur])ose of accomplishing the result that the companion 
aceomplislies. Like all other traits of behavior, imitation grows 
gradually out of something that seems not the same tiling at 

"Berry, C. S. Tlie Imitative Temdency of White Bain. Immi, Comp, 
Xt irrol, anti PspchoL, 16, 333-361, Id*^ Au Exjierinieutal Bhuly of injita- 
tiofi ill Ibid*y .18, 1008, pp. 

lieriy. The Tniitative Tendency of White BatS; p. 35S. 
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rill! '\VlM‘llier to call tliis by tiie same iiaine as' 

I la* <!aY(‘lo|N*fl aativity is one of . the freqiient . 
pn4ilab]«/ t'ontroversy. 

h. W. Cole"* has made an elaborate investigation of the in- 
i^'iligvne^* (jf rmieoons, with results of more than usual interest. 
Tie* ra(;<a) 0 Ms are eomparcKl throughout with tlie famous eats of 
Thorndike, and the work, like most .recent work on animal in- 
tellig'(*ne,e, follows the outlmes of the well known ];)af>er of the 
author just mentioned^* But Cole has made real and iiiipor- 
lant a^lvanc(^s in both method and results. The raccoons are 
eithor nnu'h mcu'c clever than the cats, or the methods emjdoyed 
wore beihu' fitted for bringing out latent ]>ossi])ilities; probably 
bolh thes<‘ things are true. The expexdmonts consisted largely 
in allowiiig flu? animals to learn to open boxes closed by fasten- 
ings v>f vaj’ions degrees of complication. Tbe raccoons learned 
somewhat more readily than the cats. As in all other animals, 
tlnur h*arnifjg wa>s largxly hy trial and error. But they are 
not r(*stri<d(a:l exclusively to that method, as Thorndike main- 
tained tlie ease for, the cats; decidedly not if we limit that 
method to the gradual formation of an association between a 
inotoi* impulse and a sense perception. (1) There w^as clear 
<*vi<lence that the animal at times, catches the idea, that a certain 
act is what opens the door, so that he later acts directly and at 
once on that idea. It is not a mere gradual exclusion of useless 
inovements, till only the useful ones are left. (2) The raccoon 
learns hy being put through an act. It learns ^vithout “in- 
nervating its mnseies/^ the great test for the possibility of learn- 
ing in Thorndike’s cats. It learns to go into a box hy a certain 
eiilranee, through having been lifted into the box that waxy a 
uurnl.'ser of times. By being put through them, it learns certain 
a<-is wfiicli it was unable to learn by its own efforts. By putting 
raccoons through the same act in different ways, they 
Iranmed to ]>erforin it in different ways,; for example, one learned 
to lift a. Ititeli with its paws, another W'ith its nose. (3) While 
the raci'oons, like most other animals, do not imitate each other 
or nny one else in a marked degree, they did, after seeing the 
ex]H*rimenter perform a certain action many times, “'catch the 
id<??r' and endeavor to perform the action for themselves. This 

"Cole, L. W. Conceraing the IntelHgenee of Eaccoons. Journ. Comp. 
‘Krumh mill IT, 1907, pp. 211-261. 

Thono.like, E. L. Animal Inteiligenee. PspeJiol,, Tcvieiv. Monograph 

SiippL, vol. 2, 189S, 
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is of, course the essence of reflective^ ’ ■ imitation. (4) Thorii-» 
dike concluded .that, cats have prohably' no '^tfree idecs”; no 
stock of images wlrieli are motives for acts. The nssoci imn i n 
the cats was always between a motor impulse and a fOT^smit 
sense perception; there was no association 0/ idem. Yliis m-o’;!- 
tive conclusion was ])ased largely on the inability of Ihr* anintals 
to learn from being put through an act. In this lattei’ mafi.er, 
Cole calls the reader's attention particularly to radical 

difference at every point^[ between the cats of Thornidilce’s 
experiments end the raccoons of his own. “If inability thus 
to learn is evidence against the presence of ideas, then jibility 
to do so should he equally strong evidence for it." Furl her- 
more, Colo gives much additional evidence for the nresicee^ <>f 
ideas in the rac(iOons; and certain results of some exireinely 
ingenious ex])eriinentB amount to a demonstration that the ani- 
mals do hold mentril images, so far as such a tiling ]>e 
demonstrated." Ilie animals seemed to reiiiemb«w deflnife ob- 
jects for a time, then forget them; then suddenly, und(*F certain 
conditions, recall them. They fought against being fmt into 
boxes with complex fastenings, from which they bad some time 
before had difficulty in escaping, though they willingly v“ent into 
similar boxes whoso fastenings they had found simple. In ct*r- 
tain experiments there were two alternative signs to he rais<-d; 
the green one meant food, the red one meant none, dlir rn^^t'onns 
learned to raise these signs by clawing at the standards, Imt 
could not see beforehand which sign would come up by <daw- 
ing at a certain standard. the red one eanu np f/ny 

clawed it down agahp then clawed np the gTeen one, am! nmde^ 
ready to receive food. Clearly, the red sign did not com-siumd 
to an image that the animal had in mind, while the green one did. 
Other experiments were devised in which success depeiidefl 011 
the animaFs holding in mind the images of certain things that 
had gone before ; the raccoons stood these tests snecessfully. It 
is difficult to see how there could be more conelusive proof of 
the presence of ideas in animals that can not talk. 

Y\ RubjeetiTC thing, siieh as aa idea, can, of eoiirsCi not be altsolnteh’ 
demonstrated by objeetiTO Bietliodsg It is always possible to siilwtl- 
tnte for the idea Its pliysiologkal aecompanimeEt, and say tliui lids Is 
Jill that we can bo asstired of. In other words, ^^toioastration of the 
existence of ideas in animals can never go further than to hIiow timi 
they act as men, do token mm hme ideas. 
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Tlie iritere8tin.<4* pa.])er of Hamilton® \h perhaps in its origin 
iiulejxnHlent of tluj Harvard laboratory. We have seen that the 
diineiitg mouse learus to act on the basis of a com|>arison be- 
tween two things, selecting:? not a particular thing, but the 
lighter of two, or the darker of two, etc, Kinriarnan found 
that the monkey <'.ould similarly learn to (iioose alw«i3'S the 
lighter vessel, or to choose the colored vessel from among a niim.- 
])er of vessels, even when tlie colors were changed. Hamilton 
made a precise study of a similar sort of action in a dog. The 
animal h.^arned that, in order to escape f]*om a pen and get 
food he must press, out of a number of levers, the one that 
bore the same sign that was found on a general sign-board 
elsewhere in the pen. In suceessfui eases his method of pro- 
cedure was, then, to inspect the general signboard, then to pass 
in review the four levers till he found the one that bore the 
same sign — then to press this. This appears to involve a fairly 
complex mental operation (if we may venture to interpret the 
actions of animals from that highly i*eprehensible standpoint). 
The dog clearly learned to choose in the way described. But 
unfortunately, being a clever dog, he after a time discovered 
a much simpler method of action that accomplished the same 
results. He merely began at one end of the series and pressed 
the levers in order till he came to the one that worked. When 
electric shocks were attached to the ^‘w^rong’’ levers, he de- 
cided that he didnT care to play at that game any longer, and 
the experiments had to end. 

How far such action, seeming to involve complex mental 
(>{>erations, may be demonstrated in animals when there has 
be(?n fift}' years’ development of method and results in such 
hivest.igatioiis, instead of merely two or three attempts at it, 
is a question that deserves consideration those who are so 
ready to deinq on the basis of what we now know (or rather, 
on the ])a,sis of \vhat w^e don’t know), all mental complexity 
ill animals. 

Indeed, it is clear that much of the wmrk w-e have just reviewed 
consists in showing experimentally that the mental operations 
of animals are more complex than had been supposed; in re- 
striring to animals certain things that had been denied them. 
And this is typical. The recent history of the study of animal 
* Ilfiiiniltoi], G. van T. An' Experimental Study of an Unusual Type 
of Koaetion In a Bog. Journ, Comp, Netiroh and Psychol.^ 17, 1907, pp. 
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behavior has shown a curious parallelism in eaeJi of its three 
■ great divisions. In. each division the slate was, a,s itd\'ere, wi|>ed 
clean some' ten or fifteen years ago: the existing stnictore was 
razed to the ground, and we have been building it up jmnin 
ever since. In the lower orgmrisras Loeb reduceil |>he- 
nomena to almost inorganic simplicity. For t lie ants, becss and 
other higher invertebrates Bethe took similai* action; they were 
stripped of their fanciful decorations of memory, inteliigence, 
etc., and left absolutely devoid of ^'psychic fjualities'' of any 
sort; their behavior was composed of invailahlc* reflexes and 
tropisms of the simplest eharaeter. Thormlike p<u*formed the 
same operation for the vertebrates. Not only did they not 
reason (preposterous notion!), but they did not iiiiitate. {;oukl 
not learn by seeing a thing done nor by Indug ]>ut tln’ongh 
an act, nor by an^^ other way than hy simply gradually drop- 
ping out useless movements from among those made at random : 
and they had not even ideas oi things past, to say nothing of 
perceiving relations or being capable of trains of thought or 
of formulating a plan. 

. In all three divisions of-dhe : subject the work Kinee these 
operations has consisted largely in lla? slow arn;! painful restora- 
hy precise experimental melliods, of wind was tlius wipe«i 
■out at one fell swoop. The three aiilhors named, with titosc 
that aided them, perhaps did the scien<‘e of beimvior the LO'catest 
|:)ossible service at that time. Before tliem tin ‘re was Imrdiy an 
ordered science in this subject: there was a jungle of supp<»si- 
tioiis, assumptions and anecuhlcs. Loel), Bet lie, Thmmdike an<l 
Company destroyed all this auid compelled us to rebuild frimi 
the ground up, a solid structure, based on precise seimttific 
methods. How high tlie stnndure will have to go, no one 
can foretell: certainly it is not yet finished. Indeed, animal 
behavior as a science is merely in its swaddling clothes: it c?hi 
not carry as yet many sweeping coiielusions, paiiicularly nega- 
tive ones. General negations based on what we mnv Icmnv are 
most unscientific; they are largely eapitalizations of our large 
stock of ignorance. It behooves the man of science, thenfare, 
to be careful in his destructive criticisms; some recfuii confro- 
versies show that this caution is mucli needed. It will be long 
!>efore our science is coextensive with 'the phenomena \ritli which 
it is attempting to deal. ■ ' IT, Jkxxixos. 

(Yo. 494 was issmd on Jpnl 10, tOOH,) 


